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PREFACE TO THE FIRST EDITION. 

The object of the following work is to serve as an 
introduction to that branch of scientific method which 
is known as Induction. It is designed mainly for the 
use of those who have not time or opportunity to con- 
sult larger works, or who require some preliminary 
knowledge before they can profitably enter upon the 
study of them. 

To the works of Mr. Mill, Dr. Whewell, and Sir John 
Herschel, the Author must, once for all, express his obli- 
gations. 'He has, however,' if he may be allowed to 
repeat the language already employed in the Preface 
to his Manual of Deductive Logic, 'endeavoured, on all 
disputed points, to reason out his own conclusions, feel- 
ing assured that no manual, however elementary, can be 
of real service to the smdetat, unless it express what may 
be called the " reasoned opinions " of its author.' 

The analysis of Induction presents far more difBculties ' 
than that of Deduction, and requires to be illustrated ; 
by far more numerous and intricate examples. But, \ 
on the other hand, it is more interesting both to the 



=X,(. 



VI PREFACE TO THE FIRST EDITION. 

teacher and to the student ; and, being a comparatively 
recent study, is less hampered by conventionalities of 
\ treatment. Since the time of £acon, it has always, with 
i more or less of success, claimed a place in liberal 
I eduQation, and many, to whom the technical terms and 
subtle distinctions of the older logic are justly repulsive, 
have experienced a peculiar delight in attempUng to 
discover and test the grounds on which the results of 
modem science mainly rest. 
, The study of Deductive Logic can be of Httle service 
[ unless it be supplemented by, at least, some knowledge 
; of the principles of Induction, which supplies its pre- 
misses. Many of the objections directed against the 
study of Logic are due to the narrow conceptions which 
are entertained of its province, and might be easily met 
by showing that the study, when we include botii its 
parts, has a much wider range than is popularly assigned 
to it. 

Though the present work is mainly intended for stu- 
dents in the Universities, it is hoped that it will be found 
to present some interest for the general reader, and that 
it may be useful to students of medicine and the physical 
sciences, as well as to some of the more advanced 
scholars in our Public Schools. 

The number of scientific examples adduced throughout 
the work renders it necessary, perhaps, that the Author 
should state emphaUcally that the work is intended as an 

Dr., ;X.OOglC 



PREFACE TO TBE FIRST EDITION. vH 

introduction, not to science, but to scien/ific method, Itsi 
object is not to give a r^sum^ of the sciences, physical^ 
or social, a task for which the Author would be whollTt 
incompetent, but to show the grounds on which our 
sdentific knowledge rests, the methods by which it has 
been built up, and the defects from which it must be 
free. Notwithstanding its frequent incursions into the 
domain of science, the purport of the work must be 
regarded as strictly logical. 

The examples have, as a rule, been selected from the 
physical rather than the social sciences, as being usually 
less open to dispute, and lying within a smaller compass. 
Wherever it has been possible, they have been given in 
the exact words of the author from whom they are taken. 

Some of the more complicated cases of inductive 
reasoning, such as those which deal with Progressive 
Causes or Intermixture of Effects, have, if alluded to 
at all, been only briefly noticed. Any detwled examina- 
nation of these more intricate questions seemed to lie 
without the scope of the treatise. The student who has 
leisure to pursue the subject will find ample information 
in the pages of Mr. Mill's Logic. 

It only remains for the Author to express his gratefiil 
acknowledgments to those who have assisted him in the 
execution of the work. These are, in the first place, due 
to Dr. Liddell, Dean of Christ Church, through whose 
bands the sheets have passed, and who, in addition to 
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viii PREFACE TO THE FIRST EDITION. 

revising the proofs, has, from time to time, offered many 
very valuable suggestions. They are due also, in no 
small degree, to Sir John Herschel and Professor Bar- 
tholomew Price, who most kindly undertook to revise 
the scientific examples; to Professors Rolleston and 
Qifton, Tvho have frequently allowed the Author to con- 
sult them on questions connected with the subjects of 
their respective chairs, and to the Rev, G. W. Kitchtn, 
the Organising Secretary of the Clarendon Press Series. 
The Author must, however, be regarded as alone re- 
sponsible for any errors which may occur either in the 
theoretical portion of the work or in the examples. 

Lincoln College, 



., Google 



PREFACE TO THE THIRD EDITION. 

Since the publication of my second Edition, there has 
appeared an important work on Scientific Method, entitled 
' The Principles of Science,' by Professor Stanley Jevons, 
of Owens College, Manchester. To this book I have made 
occasional references in the foot-notes to my present 
edition. But, as I differ entirely from Professor Jevons 
on the fundamental question of the vaUdity of our induc- 
tive inferences, I think it desirable to offer a few remarks 
on this point In the present place, rather than to intro- 
duce controversial matter into the body of the work. 

Mr. Jevons over and over again asserts the uncertainty,! 
or the mere probability, of all inductive inferences. Thus,) 
for instance, in his chapter on the Philosophy of Induc- 
tive Inference, he says: — 'I have no objection to use 
the words cause and causation, pro\^ded they are never 
allowed to lead us to imagine that our knowledge of 
nature can attain to certainty '.' And again : ' We can 
never recur too often to the truth that our knowledge of 
the laws and future events of the external world is only 
probable '.' Once more : ' By induction we gain no 
' Vol. i. p. )5o. ' Id. p. 171. 
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X PREFACE TO THE TBIRD EDITION. 

certain knowledge; but hy observation, and the inverse 

I use of deductive reasoning, we estimate the probability 

that an event which has occurred was preceded by con- 

: ditions of specified character, or that such conditions will 

i be followed by the event ',' 

At the same time, I am quite unable to reconcile with 
these passages other passages, such as those in which 
Mr. Jevons says : ' We know that a penny thrown into 
the ail will certainly fall upon a flat side, so that either 
the head or tail will be uppermost *,' or, ' I can be certwn 
that nitric acid will not dissolve gold, provided I know 
that the substances employed really correspond to those 
on which I tried the experiment previously^' 
I But, waiving the question of inconsistency, I maintain 
I as gainst Mr. Jevons that many of our inductive infer- 
i ences have all the certainty of which human knowledge 
I is capable. Is the law of gravitation one whit less certain 
I than the conclusion of the 47th Proposition of the First 
Book of Euclid i Or is the proposition that animal and 
vegetable life cannot exist without moisture one whit less 
(certain than the truths of the multiplication table? Both 
i these physical generalisations are established by the 
Method of Difference, and, as actual Laws of Nature, 
jadmit, I conceive, of no doubt But it may be asked 
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PREFACE TO THE THIRD EDITION. XI 

if they will always continue to be Laws of Nature ? 
I reply that, unless the constitution of the Universe shall 
be changed to an extent which I cannot now even con- 
ceive, they will so continue, and that no reasonable man 
has any practical doubt as to their continuance. And 
why ? Because they are confirmed by the whole of our 
own experiences, which in both these cases is of enormous 
extent and variety, by the experience of our ancestors, 
and by all that we can ascertain of the past history of 
nature, while their reversal would involve the reversal of i 
almost all the other laws with which we are acquainted, j. 
Still, it must be confessed that all our inferences from[ 
the present to the future are, in one sense, hypothetical,] 
the hypothesis being that the circumstances on which 
the laws themselves depend will continue to be the same 
as now, that is, in the present case, that the constitution 
of nature, in its most general features, will remain un- 
changed ; or, to put it in still another form, that the same I 
causes will continue to produce the same effects. What | ' 
would happen if this expectation were ever frustrated, it , 
is absolutely impossible for us to say, so completely is it ' 
assumed in all our plans and reasonings. 

We may say, then, that there are many inductions as 
to the actual constitution of nature which we may accept 
with certainty, while, with respect even to the distant 
future, we may accept them with equal certainty, on the 
hypothesis that the general course of nature will not be 
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radically changed. And if the general coarse of nature 
were changed, might not the change affect our faculties 
as well as the objects of our knowledge ; and, in tliat 
case, are we certain that we shopld still regard things 
that are equal to the same thing as equal to one another, 
or assume that a thing cannot both be and not be in the 
same place ai. the same time ? There is, in fact, no limit 
to the possibility of scepticism with regard to the per- 
sistency either of the laws of external nature or of the 
laws of mind. But all our reasonings depend on the 
hypothesis that the most general laws of matter and the 
most general laws of mind will continue to be what they 
are, and of the truth of this hypothesis no reasonable 
man entertains any practical doubt '. 
I There is, then, I contend, no special uncertainty 
jattaching to the truths arnved at by ind uctio n. They 
are, indeed, like all other truths, relative to the present 
constitution of nature and the present constitution of 
the human mind, but this is a limitation to which all 
our knowledge alike is subject, and which it is v^n for 
us to attempt to transcend. Syllogistic reasoning implies 
a particular constitution of themjnd, as much as indacti ye 
reasoning implies a particular constitution of nature . 
Both mind and nature might, of course, be radically 

' Thui Mr. Jerons, who, when he begins to iheoiiK, hat doubts at 
to Ihe truth of the Law of OtavJtilion, his no doubl, when he throws a 
penny op into the air, that it will fall on a Bat lide. 
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PRBFACS TO THE THIRD EDITION. xiii 

changed by an omnipotent power, but what the con- 
sequences of that change might be it is utterly impossible 
for us to say. 

The uniformity of nature , the trustworthiness of ot 
own faculties — these are the ultimate generali 
lie at the root of all our beliefs, and are (he 
all our reasonings. It is, of course, alway 
insinuate doubts as to either, but, however curious and 
entertaining such doubts may be, they have no practical 
infiuence even on those who originate them. Even Mr. , 
Jevons himself, we have seen, when not under the do- j 
minion of his theory, speaks of some of the results of f 
induction as certain, and we can hardly conceive men of '. 
science commonly speaking of the most firmly established 
generalisations of mechanics, optics, or chemistry, simply ; 
as conclusions possessing a high degree of probability. 

SdU, Mr. Jevons, appearing not in the character of 
a physicist, but of a logician, tells us that ' the law of 
gravitation itself is only probably true'.' It would be 
interesting to learn what is the exact amount of this 
'probability,' or, if it be meant that we can only be 
certain that the force of gravity is acting here and noW) 
it would be an interesting enquiry to ascertain what is the 
exact value of the 'probability' that it is at this moment 
acting in Manchester as well as in Oxford, or that it will 
be acting at this time to-morrow as well as to-day. 
' p. 300. 

D«,n;M;yG00glc 



xiv PREFACE TO THE THIRD EDITION. 

But, if the conclusions of Induction are thus un- 
certain, where, according to Mr. Jevons, are we to find 
j certainty? 'Certain^' belongs only to the deductive 
[process and to the teachings of direct intuition'.' Does 
it then belong to the conclusions of deduction? Ap- 
parently not, for, at the very beginning of the work*, 
■ we are told that 'in its ultimate origin or foundation, 
jail knowledge is inductive,' and Mr, Jevons is, of course, 
too practised a logician to suppose that the conclusion 
can be more certain than the premisses. The concla- 
sions of geometry, therefore, partake of the same 'un- 
cert^nty' as the results of the physical sciences, and 
the region of 'certsunty' is confined to our direct in- 
tuitions and to the rules of syllogism (supposing, that 
is, a difl'erence to be intended between the 'deduc- 
tive process ' and deductive results). I venture to 
suggest that this small residuum of 'certainty' would 
soon yield to solvents as powerful as those which Mr. 
Jevons has applied to the results of induction (and 
apparently also of deduction); and that, therefore, its 

■ inherent 'uncertainty' is no special characteristic of 
that method, but one which it shares with all oui so- 

' called knowledge. 

I The £kct is that in all reasoning, whether inductive 

:or deductive, we make, and must make, assumptions 

[which may theoretically be questioned, hut of the truth 

• P- 309. • p. 14. 
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PREFACE TO THE THIRD EDITIOlf. XV 

of vbicb no man, in practice, entertEuns the slightestl 
doubt. Thus, in syllogistic reasoning, we assume at] 
eveiy step the trustworthiness of memory ; we assume, 
moreover, the validly of the premisses, which, as Mr. 
Jevons acknowledges, must ultimately be guaranteed 
either by induction or direct observation; lastly, we 
assume the validity of the primary axioms of reasoning, 
which, according to different theories, are eilber ob- 
tained by induction or assumed to be necessary laws 
of the human mind. In this sense, all reasoning and 
all science is hypothetical, and the assumption of the { 
Uniformity of Nature does not render inductive reasoning 
hypothetical in any special sense of the term. For, if | 
the Laws of the Unifonnily of Nature and of Universal 
Causation admit of exceptions or are liable to ultimate 
frustration, so, for aught we know, may the axioms 
of syllogistic reasoning or the inductions by which we 
have established the trustworthiness of our faculties. 
And, if the conceptions of uniformity and causation 
be purely relative to man, so, for aught we know, may 
be the so-called laws of thought themselves". Induction 

" AccordiDg to the viev of llie nature md ultitnate origin of human 
knowledge, accepted both bj Mr. Jevons and myself, it i$, in fart, no 
[aradox but a mere tniiiDi to uj that the fundamental aiiotni of 
reaioning are themietTei onlj patticulat uniforoutiei of nature, arrired 
It by the tame eridence and depending for their jaitificalioa on the 
nme gronndi at those ultimate geoeraliiatioiii oa carnation ID which 
we give the special names ot the Law of Univenil Causation and 
the Law of the Uoifotmity of Nature. 
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'wonld only be hypothetical in a special sense, if we 
had any reasonaUe ground for doubting the tinth of 
the hypotheses" on which it rests. 

But, as ' in its ultimate origin or foundation, all 
knowledge ' (including, of course, that of the laws which 
govern the syllogistic process itself) 'is inductive,' Pro- 
fessor Jevons must either employ the word ' cert^n ' 
in a variety of senses, or he must be prepared with 
the philosophers of the New Academy to maintain the 
uncertainty of all knowledge whatsoever. 

Such, as it appears to me, are the inconsistencies 
and paradoxes into which a very able writer has been 
led by a tendency to over-refinement, and, still more 
perhaps, by a desire to apply the ideas and formulae 
of mathematics to the explanation of logical problems 

I must further express my dissidence from Mr. Jevons' 
statement that all inductive inference is preceded by 
hypotheses", from his theory that Induction is simply 

" I need lurdly uythal I am not kae niiag the word 'hypothetk' in 
the sense of in uDTerified iiiumptioD. Rdsoning, both inductive and 
deductiTe, is found oa inilyiii to depend, in the last resort, on certain 
uiumplioiu or hTpotbeiCE, but then the troth of these assumptioni or 
bypothesei is guaranteed by ihe whole experience of tbe hmnin race, 
pait and present, and bcjond this guarantee I coaceire that there is no 
other attainable. In other words, all troth is rdatiTe to our faculties of 
knowing, and this condition it Is in vain fis xa to attempt to tnnicend. 

" See chap.I. pp. ii, ii, oFihit work. 
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the Inverse Method of Deduction, and, above all, from ( 
what appears to me to be the exceedingly misleading 
parallel drawn between Nature and a baUot-box. 
'Events,' says Mr. Jevons, 'come out like balls from 
the vast ballot-bos of Nature^'.' Now the balls were 
placed in the ballot-bos by human hands ; the number 
and character of them may have been due merely to 
caprice or chance ; moreover, they are all isolated en- 
tities having no connexion with each other. Would 
it be possible to find a stronger contrast to the works 
of nature? If natural phenomena did indeed admit 
only of the same kind of study as the drawing of 
balls from a ballot-box, Mr. Jevons' conception of In- 
duction would undoubtedly be the true one, and I 
should agree with him that 'no finite number of par- 
ticular verifications of a supposed law will render that 
law certain.' But, just because we believe that the 
operations of Nature are conducted with an uniformly 
for which we seek in vain amongst the contrivances 
of men, do we regard ourselves as capable, in many 
cases, of predicting the one class of events with 
certainty, while the other affords only matter for more 
or less probable conjecture. 

Intimately connected with Mr. Jevons' depreciation of ■ 
the value of the inductive inference is his statement that 
Induction is. simply the inverse method of Deduction. 

" Vol. J. p. 375. 

b 
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If Induction simply consists in framing hypotheses, 
deducing consequences from the hypotheses, and then 
comparing these consequences with individual &cts 
for the purpose of verifying them by specific ex- 
perience'*, I grant that the procedure must, in most 
cases, be very untrustworthy. In my first Appended 
; Note to my Section on Hypothesis, I have examined 
; this account of Induction, which is virtu^y identical 
i with that of Dr. Whewell. In opposition to it, I main- 
tain the following theses, which are explained and 
defended in the course of my work: i. Tiiat our in- 
ductions are not always preceded by hypotheses (and 
it m%ht be added that, even where they are, the hypo- 
thesis itself must rest originally on some basis of 
&ct, that is to say, on some induction or other, 
however imperfect ; for a hypothesis must always be 
suggested by something of which we have had ex- 
perience) ; 2. That the mere verification of our hypo- 
theses by spec ific experience is not sufficient to 
constitute a valid induction, unless the instances con- 
form to the requirements of one of the inductive 
methods, or {as in the case of the fundamental laws of 
inductive reasoning) be coextensive with the whole 
experience of mankind. Induction, I maintain, may 
or may not employ hypothesis, but what is essential 
to it is the inference from the particular to the general, 
" Vol. i. pp. 307, 308. * 
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from the known to the unknown, and the nature of) 
this inference it is impossible to represent adequate);' 
hy reference to ttie forms of deduction. j 

Mr. Jevons' statement that ' induction is really the 
reverse process of deduction' I am wholly unable to 
reconcile with the followii^ statements which occur in 
the very same page'' : 'In its ultimate origin or founda-i 
tion all knowledge is inductive,' and ' only when we \ 
possess such knowledge, in the form of general propo- . 
sitions and natural laws, can we usefully apply thei 
reverse process of deduction to ascertain the exact in-j 
formation required at any moment.' When we compare I 
these statements, the drcle seems complete. A precedes 
B, and B precedes A. A depends for its validity on B, 
and B depends for its validity on A. No wonder that ; 
human reasoning affords us no 'certain' results 

In offering these criticisms on some fundamental 
points of difference between Mr. Jevons and myself, 
I am far from denying the utility of many portions 
of his work, especially the chapters on the Methods 
of Measurement and on Hypothesis. 

In the present Edition of this work, I have occa- 
sionally availed myself of the ' Inductive Logic ' of 
Mr. Bam, a work which, though it does not, in my 

I , ■* Vol.i. p.14. 

ba 
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opinion, supersede Mr. Mill's Logic, supplies on some 
points a valuable complement to it. 

In this, as in the last Edition, I have to acknowledge 
the kindness of FrofessoT Park of Belfast, whose cor- 
rections and suggestions have enabfed me to make 
both my works more accurate and serviceable than 
they would otherwise have been. 

Lincoln College, 

Fei. 14, 1876. 



*,* In the third Edition some new matter was intro- 
duced, bearing mainly on the following subjects : Uni- 
formities of Coexistence, the Historical Method, the dis- 
tinction between Inductio per EnumeraUonem Simplicem 
and the Method of AgTeement,[the constant alternation in 
practice of the inductive and deductive proceBsesiland the 
Argument from Universal Consent. In the present 
Edition, the principal changes occur on pp. 9, 10 (where 
a new foot-note is introduced) ; p. 78 ; pp. laSHi (where 
a foot-note on Plur^itji^ol^^auses is added) ; p. 1 7 1 (on 
the nature of the Method of Residues) ; pp. aai-a (on 
Empirical Laws). 
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(4) MItlaking the remote ouse for the praiinute 

(5) Ne^ecting to take into accoonl the mutual actioD 

(mntoatity) of cause and effect , . jig 

(6) larenion of cause and effect .... ,^12 

I. Filte loilogj (inchidiag the iltegitiniite me of tbe 
Aigament from Antiquity, and of ibe Argument 
liom Final Cinies) 316 
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'Ek trpoyiimiirKoiiivav ti irouo iiSaaKoXia, Sitmfp mi is rofl 
oivXuTUtoit Xi'yo^v* fj fiiy yap fli' iiraytoy^c, ^ H (reXXoyiff/*?. 
'H iiir S^ tirayayfi apx') tirri koI roil naSSKov, 6 il ouXXoynr/iAf 
cjc Taof iai06\ou- KifTif Spa ^^^ni c^ j^ J wWoyivftfiSf ^v ovK 

Aristotle's Jficemaekean Ethks, vi. 3 (3). 

Quamvis ad sdentiam qnamlibet via nnica pateaC. qnS nempe a 
DotiohbuE ad minus nota et a maaifestis ad obscnriorum notitiam 
progrediraar, atqne oniyersalia nobis pnecipne nota sict (ab univec- 
salibus enim ad particnlaria ratiocinando oritur scientia,), ipsa tamen 
luiiversalinin ia intellecta comprehensio a singnlannin in sensibus 
aostiis perceptioae exsnrgit. 

Preface to Harvey's Treatise De Ginerationt Animalium. 
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*^* The notes appended to the Chapters (as dis- 
tmguished from the foot-notes) are designed lo inform 
the student of any divergences from the ordinary mode 
of treatment, or to afford him information on disputed 
questions which ic appeared inconvenient to notice in 
the test They may be omitted on the first reading. 
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Vn the Nature of Inductive Inference. 

TWO^ bodies of unequal weight (say a guinea and 
a feather) are placed at the same height under the ex- 
hausted receiver of an air-pump. When released, ihey 
are observed to reach the bottom of the vessel at the 
same instant of time, or, in other words, to fall in equal 
times. From this fact, it is inferred that a repetit ion of 
the experiment either with these two bodies or with any 
other bo die§, would be attended with the same result, and 
that, if it were not for the resistance of the atmosphere 
and other impeding circumstances, all Jjqdies, whatever! 
their weight, would fall through equal vertical spaces inji 
equal times. Now, that these two bodies in this pEwticular/j 
experiment fall to the bottom of the receiver in equal times 
is merely a fact of obst ^rv^ tion. but ttiaitjheyjvouy,d9-Sp_ \ 
tf we repe.atjid the .experi ment, or that the nest l:wo_ bodies .' 
we selected, or anybodies, or_all bodies, would do so, is an . 
inference, and is an inference of that particular character; 
vhich is called an Inductive Infe rence or an Induction '■ S 

> The itudcDl mast tliroirghtnil be« in miad tbe ambiguous uie lA 
(he wordi Induction, Inference, Uk., ii signifying bolh the nsidl »nd 
the frocas by which the innlt ii arrived at. See Deduelivi Logit, 
Prc&ce, and Fart III. ch. i. note i. 
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What assumption^.. underlie this inference, and on what 
grounds does it rest f 

My object in placing' the two bodies under the receiver 
was obviously to answer a question which I had pre- 
viously addressed to myself; viz. whether, when subject 
to the action of gravity ' only, they would fall in equal 
or in unequal times. By exhausting the air in the re- 
ceiver, I am able to isola/e Ike phmonumn, and thus, by 
removing all circumstances affecting the bodies, except 
the action of gravity, to watch the effect of this cause 
operating alone. But in trying this experiment, in iso- 
lating the phenomenon, and asking what will be the effect 
of the action of gravity operating abne, I am evidently 
assuming that the effect, whatever it may be, will be 



Ltirely due to the cau^e or causes which are then and 
there in action ; in other words, I am assuming that 
nothing can happen without a cause, that no change can 
take place without being preceded or attended by circum- 
stances which, if we were fully acquainted with them, 
would fully account for that change. This assumption 
^which may be called the Law of Universal CausaHon) 
■ is universally admitted by mankind, or at least by the 
reflecting portion of mankind, though the grounds on 
which it is admitted have been variously stated ; some 

' When 1 employ the expression 'action of gravity * or 'force ai 
gnvity,' I musi not be undeiilood ai adopting auy pailicular theory on 
the nature of the phenomenon which we call ' gravitation.' I use theie 
terms simply becaaie they are ihort and recognised phrases for e^resting 
the tact that all tetiestiial bodjei, when left entirely free, (all in the 
direction of the oaith'l centre. 
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justifying it by an appeal to the continuous and uncon- 
tradicted experience not only of the individual himself 
but of the human race, others by an appeal to the neces- 
sities of thought. 

Thus far, however, we have only ascertained that the 
fact of these two garticular bodies, in this particular 
instance, falling to the ground in equal times is due to 
the action of gravity, unimpeded by any other circum- 
stances. But why should I infer that they, if the experi- 
ment were repeated, or any other two bodies, if exposed 
to the same circumstances, would behave in the same 
way ? It is not enough to feel assured that nothing can 
happen without a cause, and that the only cause operating 
in this particular instance is the action of gravity ; I must 
also feel assured that the same cause will ' invariably be 1 
followed by the same effect, or, to speak more accurately, ' 
that the same cause or combination of causes, will, Hk 
unimpeded by the action of any other cause or combina-l 
tion of causes, be invariably followed by the same effectl 
or combination of effects, or, to state the same propo-l 
sition in somewhat different language, that, whenever thei 
same antecedents, and none others, are introduced, thel 
same consequents will invariably follow. This assump-{ 
tion (or law) is, like the former, universally admitted by 
mankind, or the refieciing portion of mankind, though 

• Tha cipreBion 'will' is used for the sake of brevity. The 
argument, however, it nol limply fconi the presenl to the future, but 
ti-oni citM within the range of our experience to all cues, past, present, 
or future without Ihit range. See p. 31, note 29. 
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6 NATURE OF 

the grounds on which tt is ajmitted have been variously 

stated, some, a& in the case of the fonner law, referring it to 

experience, others to certain necessities of thought arising 

I from the original constitution of the human mind. This 

^ j law may be called the Law of the Uniformilv of Nalure*. 

The argument, then, in the case which we have taken 

as our instance, may be represented as follows : — 

I obitrve that these two bodies (thotigh of un- 
equal weight) reach the bottom of the receiver at 
the same moment. 
This fact must be due to some cause or com- 
bination of causes (Law of Universal Causation^ . 
The only cause operating in this instance is the 
action of gravity. 
.-. The fact that these two bodies reach the bottom of 
the receiver at the same moment is due to the 
action of gravity, operating alone. 
But.wheneverthesame cause or combination of causes 
is in operation, and that only, the same effect will 
invariably follow (Law of Uniformity of NatureV 
.'.Whenever th ese two bodies, or any other two^or 
more bodie5.{even though of unequal weight), are 
subject to the action of gravity only, they will reach 

* It is, perbijH, necetsiry (has eaily to wam the stadcnt rhit the 
convcTH of the Law of the Uairomiity of Nature docE not hold true. 
Though the same cause, that is, the same antecedent oi combination of 
antecedents, it never followed by different effects, the same effect, or, 
more stticlly speaking (seeHi. iij, 6), the same portion of an effect, may 
/ be dne to different causes. We can, thus, always argue from the cauie to 
, the effect, but we cannot always argue from the ellect to the cause. 
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the bottom of the receiver at the same moment, 
or, in other words, will fell in equal times. 
The induction just examined has been arrived at by a 
process of elimpation. and takes for granted the concep- 
tion of causation. It is representative of the inductions 
with which science is mainly concerned, and of which I 
sbail have, for the most part, to treat in the present 
work. But there are other inductions of a simpler cha- 1 
racter, the validity of which is assured not by any artificial I 
process of ehmination, but merely by a series of uncon- | 
tfad icted ex p eriences. This kind of inducrion is usually | 
distinguished by logicians as Inductio 6er EnumeraiJomm 
Simplieem. It is often (as will hereafter be pointed! 
out in the 4th chapter) exceedingly untrustworthy, but,f^ 
when the area of experience is very wide, the evidence! 
which it affords may approach to, and even amount to,! 
certainty. Often moreover, and especially in the case oS\ 
our widest generalisations, it is our only resource. I 

Amongst inductiona of this kind must be inchided, as' 
I conceive, the Laws o f Uniformity of Nature and Uni- 
versal Causation themselves, as well as the axioms of 
mathematics and certain fects of co-existence which have 
not yet been resolved into, or possibly do not admit of 
being resolved into, facts of causation. As examples of 
the last class I may specify the co-existence throughout 
matter of the properties of inertia and gravity, and the co- 
inherence of attributes in the various kinds of animals, 
plants, and minerals, as, for instance, fusibility at a certain 
point together with a certain specific gravity in gold, or 

Dr., ;X.OOglC 



8 NATURE OF 

the combination of lationality with a peculiar physical 
J form in man. Though co-existing facts of this nature 
may possibly be due to some causal connexion, and 
might, if we had a perfect knowledge of all natural pro- 
cesses, be explained in that manner, they are, as yet, 
known to us only as facts of co-existence, and established 
only by an induclio per enumerationem simplicem, or 

: uncontradicted experience, 

Mr. Bain * enumerates three kinds of uniformities, which 
may be established by induction, those of Co-txistence, 
Causa/ionj an d Egualify. Uniformides of Co-existence and 
Equality can be established only by Indactio per Enume- 
rationem Simplicem, while those of Causation, though, in 
the actual state of our knowledge, they often rest only 
on this evidence, ought always to be established by the 
more refined methods to be described in the sequel of 
this book. To the above clas»fication I ought to add 

I the Laws of Uniformity of Nature and Universal Causation. 
both of which, as already remarked, I conceive to be 
established by uncontradicted experience, or, in other 
words, by an Inducdo per enumerationem ^mplicem 
coextensive with all human knowledge'. These funda- 
mental laws, thus verified by a constant experience, 
are assumed in all scientific inductions concerning Causa- 

[tion, whereas, in mere inductions tur Enumeralionem Str^- 

\pHcem, all that is assumed is the much vaguer and less 

' L^e; Bk. III. cb. ii. 

* On the nature of the evidence on which thete Uwl reil, we the 

third appended note at the cad of this chapter. 



INDUCTIVE mSERElfCS. 9 

precise belief that the unknown resembles, or will re-l 
scmble, the known, a belief which ezperience shews toj 
be subject to many modifications '. j 

As the inductions of Causation are those with which 
science is mainly concerned, and to which alone the more 
refined rules of Inductive Logic are applicable, I shall 
in the following work limit myself almost entirely to their 
consideration. The inductions of Co-existence, with which 
I shall, to some extent, be concerned in the section on 
Clas^fication, I shall regard as subservient to these *. 

From what has been said above, as well as in distin- 
guishing the various kinds of inference in the Manual 
of DedttcHve Logic, it will be seen that Induction may be 
defined as the legitimate inference of the unknown from the 
known, that is, of propositions applicable to cases hidierto 
unobserved and unexamined from propositions which are 
known to be true of the cases observed and examined. 
Thus, from the proposition that a guinea and a feather, 
if placed under the exhausted receiver of an air-pump, 
will fall in equal times, may be inferred inductively (he 
proposition that a shilling, a penny, and a straw will, if 
exposed to the same circumstances, also fall in equal 

' Tbit belief ii what is frequently ondentood by the Lav of the Uni- 
fonnity of Nature, but I hue thought it desinble to confine ihat eiprei- 
rioD to tho more preciie itaiement with regard to the uniform action of 

• I ihall briffly recur to the lubject of Inductioni of Co-eiUtence 
in the foarth chapter, under the head of Induelio ftr Envmtraliomm 
SimpScem. 
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times. But, as we can only draw this inference on 
grounds which are equally applicable to jj^ bodies what- 
soever, when exposed to the same circumstances, and as 
we might make the same assertion of any two or more 
bodies, and consequently of all bodies, it will be seen 
that Induction is not only an inference of t he unknown, 
from the known ; but, in virtue of that fact, of the^eneial_ 
from the particular. In eveiy inductive argument, in 
fact, it is implied that Jtiherever or v/Htnever the same cir- 
cumstances are repeated, the same effects will follow. 
Induction may, therefore, also be defined as Ihe UgilimaU 
ijtfermct of Ihe general from ihe particular, or (in order to 
include those cases where general propositions are them- 
selves employed as the starting-point of an inductive 
argument, of which numerous instances will occur as we 
proceed) of Ike more general from Ihe less general*. 

In trying the experiment which furnished our Instance 
at the beginning of the chapter, we were attempting to 
find an answer to the question, 'Do bodies, when 
subject to the action of gravity only, fall through 
equal vertical spaces in equal or in unequal times?' 

' Tbii i> 1 better and mare iccuiate deGnit[on tban that ^tcd at ibe 
btginning of the paragraph, beeauie, if we adopt the theory that all out 
fundamental belieft are derived from experience, there » no kind of infer- 
ence which doei not involve the aisnmplion that we may argue from tte 
known to the unknown, and from the pait to the present and the future. 
In ibe caie of tome of these belieft, however, at the totalled ' liwi of 
thought,' and the belief in the tTiistwc»thinei« of onr preient consdoiu- 
ne» and of memory, the tunmption hai been made so often and to con- 
stantly that we have almoit ceased to be cooidout of making it 
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The ezperiinent may be regarded as an attempt to 
decide between two rival theories (or hypothuts, as they 
are usually called), one being that bodies fall quicker ii 
proportion to their weights, the other that the weight of 
tbe body, when the resistance of the atmosphere is re- 
moved, does not aifect the time of falling. The 
experiment is decisive in favour of the latter hypothesii 
which is thus entided to rank as a valid induction. Our 
inductions are often, as in this case, the result of an 
attempt to decide between rival hypotheses, or a reply 
to the question whether some particular hypothesis be 
tiue or not, the hypothesis or hypotheses suggesting the 
particular experiment to be tried. Sometimes, however, 
we have no assistance of this kind, and we try esperi- 
menis simply 'to see what will come of them.' Thus, 
if a chemist discovers a new element, he will proceed to 
try a variety of experiments in order to determine the 
propiortions in which it will combine with other elements, 
as well as to discover the various properties of such 
combinations. Supposing the experiments to have been 
properly conducted, the inductions at which he arrives 
will be perfectly valid, though he may have formed no 
previous theories as to the results of his researches. Oc- 
casionally, too, an induction will not be the result of any 
definite course of investigation, but will be obtruded on 
our notice, as in the following instance, adduced by Sir 
John Herschel, to show that ' after much labour in vain, 
and groping in the dark, accident or casual observation 
will present a case which strikes us at once with a full 

D.„-:;c:. Google 
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ins^ht into a subject.' ' The laws of crystallography 
were obscure, and its causes still more so, till Hatiy for- 
tunately dropped a beautiful crystal of calcareous spar 
on a stone pavement, and broke it. In piecing together 
the fragments, he observed their facets not to correspond 
with those of the crystal in its entire state, but to belong to 

another form; and following out the bint thus 

casually obtruded on his notice, he discovered the beautiful 
laws of the cleavage, and the primitive forms ofminerals '°.' 

iThus, we perceive that our inductions are sometimes 
preceded by hypotheses, at other times not. In most 
■ cases, probably, we have formed some theory (or hypo- 
. thesis) as to the character of a phenomenon before wc 
j enter upon, or, at least, before we complete, its inves- 
{ dgation. Such theories (or hypotheses) are often of the 
I utmost service in directing the course which our experi- 
! ments and observations shall take. Frequently, also, it is 
impossible to perform any experiment, or to institute any 
series of observations, which shall be decisive of the 
I question before us. In this case, unless we altogether 
j suspend our judgment, we must rest content with an 
I unproved theory, and it becomes of prime importance to 
'. determine to what conditions such a theory (or hypo- 
. thesis) must conform in order to entitle it to rank as a 
; probable or possible solution of our difficulties. A sub- 
sequent section will be specially devoted to these ques- 
tions, but meanwhile it seemed desirable at once to direct 
the attention of the student to the distinction between 

" Hcnclwl'i Discouru i>n Iht Slujy of Natural Philosophy, i igi. 
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hypothesis and induction. He must bear in mind that,! 
though" the formation of hypotheses is frequently an tm-! 
portant step in the inductive process, a h^othesis mustt 
be carefully distinguished from a v^id induction. With> I 
out at present attempting any formal definition of a 
hypothesis, it may be distinguished from an induction 
(tliat is, a valid, complete, or perfect induction) as a m ere I </^ 
s uppos ition or assumption from an ascertained truth, I 

*,* The word 'cause' is commonly used in a very i 
vague and indefinite sense. Of the various antecedents ; 
whose presence or absence is essential to the event, 
it is usual to single out one as the Cause, and either to 
overlook the others, or to speak of them as ' co nditions. ' 
Strictly speaking, however, the Cause consists in the gre^ 
sence of all those antecedents, the withdrawal of any of 
which, and in the absence of all those antecedents, the 
introduction of any of which, might frustrate the event. 
Thus, to take the homely instance of lighting a fire. The 
application of the lighted match is what would ordinarily 
be called the cause of the combustion. But there are 
other conditions equally necessary, as, for instance, 
amongst the positive conditions, the presence of fuel and 
of atmospheric air, and, amongst the .neg^atite conditions, 
the absence of such a quantity of moisture as would pre- 
vent the fuel from igniting. In assigning the cause of a| 
phenomenon, it is seldom that the negative conditions are' 
mentioned. It is generally understood that we assign a 
cause, subject to the qualification ' no counteracting^ 
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I cause intervening.' Amongst the p ositi ve conditions, we 
usually select that which, being last introduced, com- 
pletes the assemblage of conditions, and stands in closest 
proximity to the effect. Thus, in our example, the com- 
bustion is said to be due to the application of the match, 
and, when a man, who has previously been in a bad state 
of health, is attacked by a fever, we speak of the fever as 
the cause of his death. These, however, as observed by 
Mr. Mill, are by no means invariable lules, ' It must not 
be supposed that in the employment of the tenn this or 
any other rule is always adhered to. Nothing can better 
show the absence of any scientific ground for the dis- 
tinction between the ^^ ^^ of " p*"'Tn ir';nff" ^""^ i's jo^ 
^jtio^jg, than the capricious manner in which we select 
from among the conditions that which we choose to 
denominate the cause. However numerous the con- 
ditions may be, there is hardly any of them which may 
not, according to the purpose of our immediate dis- 
course, obtain that nominal pre-eminence.' Thus, if 
a plot of dry heath is ignited by a spark from a railway- 
engine, we may, in common parlance, attribute the fire 
either to the spark, or to the dryness of the heath, or to the 
ill-construction of the engine ; the first of these assigned 
causes being the proximate event, the second one of the 
other positive conditions, the last a negative condition. 

jWhat, when employing popular language, we dignify 
with the name of Cause is that condition wtiich happens 
io be most prominent in our minds at the time. It is, 
perhaps, superfluous to add that, when aimii^; at sdetv- 
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tific accnracy, we ooght to enumerate all the conditions, 
or, at least, all the positive conditions, on which a phe- 
nomenon depends, unless we have a right to pTesumc 
that there is no likelihood of their being overlooked by 
those whom we address ". 

In the science of Medicine, the cause which complete: 
the assemblage of conditions is often distinguished as the 
exa'finf cause, the other causes being calle d f/re-dispojing. 
Thus, the peculiarities of constitution, ^e, sex, occupa- 
tion, &c., which render a person more than ordinarily 
liable to any particular disorder, would be called the 
tire-dtsPosif^ causes : the contagion (by which the body 
is brought into contact with some specific poison), a 
sudden chill, bodily fatigue, mental depression, or any 
circumstance, on the supervention of which the disease 
is immediately consequent, would be called the exciting 
cause ''. The pre-disposing causes of Asiatic Cholera, for 
instance, are enumerated in Dr. Guy's edition of Dr. 
Hooper's 'VadeMecum,' as 'debility; impaired health ; 
intemperance ; impure air ; low and damp situations ; the 
summer ajid autrnnn seasons: the exciting causes as 
contagion ; a peculiar poison diffused through the atmo- 
sphere.' The importance of attending to this distinction 
in historical and political investigations is forcibly stated 
and illustrated by Sir G. C. Lewis, in his Meihods of Obser- 
vation and Reasoning in Politics, vol. i. ch. ix. p. 333, ftc 

" The subject of this paragnph is treated with gieat ability in 
Mr. MUTi £ogw, Bk. in. ch. T, i 30: •' '' ' '" 
** See I>t. Watson'i Lntuni m Phyac. Lecture VI. 
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NoU I ". — Mr. Mill (Logic, Book II, ch. iii.) m^ntains 
that, in an act of induction we usually, though not 
invariably, argue directly from one particular case to 

. another. Dr. Whewell, on the other hand, holds that 
all inductive inference is from the particular to the 

I general, {_Philosophy of Discovery, ch. xxii. § 1-14.) 
Though I have adopted Dr. Whewell's language (which 
is that ordinarily employed), I cannot recognise the im- 
portance of the difference which he believes to exist 
between himself and Mr. Mill. To say that what I find 
to be true of this case will be true of the next which 
resembles it in certain assignable respects, whatever that 
case may be, or that what I found to be true of that case 
must be true of this, because this resembles that in certain 
assignable respects, is virtually to say that it is true of any 
and every case which presents these points of resemblance. 
What is true of each or any case, taken indifferently, must 
be true of all. ' The burnt child dreads the fire.' Why ? 
Because it once suffered pain, from burning its finger. 
Now, it appears to me indifferent whether we represent 
the child as having in its mind the proposition 'That 
object causes pain,' or the proposition ' That object will 
cause me pain now, if I approach too near to it.' But, as 
the former (the general) inference seems to be virtually 
implied in the latter (the particular), and, as Mr. Mill 
acknowledges, the particular inference can, on reflexion, 
only be justified by granting the truth of the general one, 
" The Modnit, nnleu h« have lome preriooi acquaintance vith the 
snbjucti diicusKd in ihem, Ii recommeoded to omit these Dotei on the 
ilnt reading. 
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1 prefer adhering to the common, and, as I think, the 
more intelligible account of induction. Mr. Mill himself, 
in one place, speaks of Induction as ' generalisation from 
experience,' and, in another, as ' the inference of a more 
general from less general propositions ".' 

Though agreeing with Dr. Whewell in his msun 
position, I must express my entire dissent from the 
distinction which, throughout this discussion, he attempts 
to draw between our reasonings in the ordinary affairs 
of life, and Induction as employed in scientific research. 
However various may be the conditions of their applica- 
tion, I cannot but regard the mental processes as iden- 
tical, on whatever classes of objects they may be exercised. 
We may meet with insurmountable difficulties in the 
attempt to apply Induction to some obscure question 
of Physiology, and we may employ it with ease and 
success a hundred times a day in avoiding pain or 
securing ease, but I believe the mental process to be 
essentially the same in both cases. 

Note 2. — Since the time of Hume, the nature of our 
conception of Cause has formed one of the principal 
topics of philosophical controversy. Previously to his 
time, it appears to have been taken for granted by the 

" Mr. Jevons (Principles r^Scitiice,vo\.i.pp. i6i, j6i) 5«msto have 
■lightly micippiebeaded my meaning in this note. While I believe that 
we da, u a matter of fact, often argue from particular to particqlai, I 
CDtiielj agree with Mc. Jeioni (Princiflis ofSeienct, vol. li. p. 143} in 
holding that ' what is infeired of a particular case might be inferred of all 
similar caici,' or, in other words, that the logicai juitification of such 
inferences is to be found in the general itatement. 
C 
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great majority of modem philosophers of all schools " 
{if we except those who, like Malebranche, believed God 
to be the only efficient cause in the universe, and so- 
called acts of causation to be only the occasions of the 
Divine interference "), that the idea of causation neces- 
sarily implies the idea ot fxnver or necessary connexion,- 
necessary connexion, that is to say, between the cause and 
effect, or power in the cause to produce the effect. Even 
Locke, who effected a revolution in modem philosophy, 
left this idea of Power unassailed, though he attempted 
to account for its formation. 'The mind,' says he", 
' bein^ every day informed, by the senses, of the 
alteration of those »mp1e ideas it observes in things 
without ; and taking notice how one comes to an end, 
and ceases to be, and another begins to exist, which 
was not before ; reflecting also on what passes within 
itself, and observing a constant change of its ideas, 
sometimes by the impression of outward objects on the' 
senses, and sometimes by the determination of its own 
choice; and concluding from what it has so constantly 

" Dugald Stewart (in hit Philosophy of Iht Humim Mind, Nata C 
and MM) has certainly succeeded in showing that Hume's views on the 
nature of Cause were anticipated by casual reniiiki of several otbet 
wiiteri; but it still remains troe that Hume was the first philosopher 
who definitely attacked the prevalent philo6ophical theory. 

" Still, even according to these philosophers, every act of causation 
implies an act of power ; only the power is exerted not by the 
so-called cause, but by the Deity himself. It will be noticed that I 
speak only of modtm philosophers. Into the difficult question of the 

" Locke's Essay, vol. ii. ch. xii. % i. 

Dr., ;X.OOglC 
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observed to have been, that the like changes will for the 
future be made, in the same things, by like agents, and 
by the like ways, considers in one thing the possibility ofl 
having any of its simple ideas changed, and in another. 
the possilrility of making that change; and so comes hy\ 
that idea which we call Power, Thus we say, fire has 1 
a power to melt gold, i. e. to destroy the consistency of 
its insensible parts, and conseqaently its hardness, and 
make it fluid; and gold has a povi^r to be melted : that 
the sun has a power to blanch wax, and wax a power to 
be blanched by the sun, whereby the yellowness is 
destroyed, and whiteness made to exist in its room. In 
which, and the like cases, the power we consider is in 
reference to the change of perceivable ideas. For we 
cannot observe any alteration to be made in, or operation 
upon anything, but by the observable change of its 
sensible ideas ; nor conceive any alteration to be made, 
* but by conceiving a change of some of its ideas.' He 
then proceeds to include our idea of Power amongst 
our Simple Ideas. 

Hume contested the validity of this idea by an appeal 
to experience. Whence do we obtain this notion of 
necessary co nnexion between two events? Do we ob- 
serve any such connexion in the events which take place 
in the external world, or in the relation between volition 
and the motion of the organs of the body, or in the 
act of the will by which it summons up, dwells on, or 
dismisses ideas? 'We have sought in vain for an idea^-V* 
of power or necessary connexion, in all the sources 
c 2 

D.„-:;c:. Google 
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from which we could suppose it to be derived. It ap- 
pears, that, in sin_gle instances of the operation of bo dies. 
we never can, by our utmost scrutiny, discover anything 
but one event following another ; without being able to 
comprehend any force or power, by which the cause 
operates, or any connexion between it and its supposed 
effect. The same difficulty occurs in contemplating the 
oper ations of mind on body, where we observe the 
motion of the latter to follow upon the volition of the 
former, but are not able to observe or conceive the tie, 
which binds together the motion and volition, or the 
energy by which the mind produces this effect The 
authority of the will over its own faculties and ideas is not 
a whit more comprehensible: so that, upon the whole, 
there appears not, throughout all nature, any one instance 
of connexion, which is conceivable by us. All events 
seem entirely loose and separate. One event follows 
another ; but we never can observe any tie between them. > 
They seem conjoined, but never connected.^ And as we can 
have no idea of anything, which never appeared to our 
outward sense or inward sentiment, the necessary conclu- 
sion seems to be, that we have no idea of connexion or 
power at all, and that these words are absolutely without 
any meaning, when employed either in philosophical 
reasonings, or common life".' Does Hume then deny 
the fad of causation, namely, that, when we have been 
accustomed to observe one event invariably followed by 
another, we may confidently expect, other circumstances 
" Hume's Essays, Essay on the Idea of Neceiiary CgMt ^g - 
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remaining the same, that it will continue to be followed 
by it in the future, and that, if we perceive a change in 
any phenomenon, we may be confident that some other 
event has preceded that change P Certainly not. There 
is, in Hume's writings, absolutely no foundation for the 
virulence with which he is attacked by Reid", What he] 
called in question was not the invariableness of the fact 
of causation, but the grounds of the prevalent notions 
attached to the word Cause, Whether his speculations 
on this subject be well or ill-founded, he certainly did 
not deny the correctness of the principles on which men 

'• The following miy serve at i jpecimen of Reid'i disttibes against 
Hume. ' Of all the paradoxes this author has advanced, there is not 
one more shocking to the human undentanding than this. That things 
may begin to exist without a cause. This would put an end to all 
speculation, is well as to all the business of life. The employment of 
speculative men, since the beginning of the world, has been to investigate 
the causes of things. What pity is it, they never thought of putting the 
previous question, Whether things have a cause or not 1 This question 
has at last been started; and what is thete so ridiculous as not to be 
maintained by some philosopher ? ' — AciiMc Powers, Essay I, ch. iv. Sir 
W. Hamilton and Di. Mansel uke a far jusler view of flume's position. 
Even Sir W. Hamilton, however, in commenting on Reid's statement, 
says, ' This' (namely. That things may begin to exist without a cause) 

ally admitted, we have no vjlid assurance that they may not.' The 
latter is, certainly, not Hume's assertion. It is tme that he bases the 
notion of causation on experience, but then be regards experience as the 
sole jonrce of all onr knowledge. Sir William Hamilton's note requires 
only to be compared with the following passage from the Essay : ' But' 
when one particular species of event has always, in ail instances, been 
eoojoined with another, we make no longer any scruple of foretelling 
one upon the appearance of the other, and of employing that reasoning 
which can alone assure us of any matter of fact or existence.' 
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act in ordinary life or which guide them in scientific 
research. 

There is another objection to ttie statements contained 
in Hume's Essay which is better founded than the fore- 
going. If the term ' cause ' be convertible with the term 
'^'invariable. antecedent,' it has been justly objected by 
Reid'" that we might speak of day as the cause of ni^t, 
and of night as the cause of day. That there are loose 
expressions in the Essay, in which the cause seems to 
be confounded with the invariable antecedent or the 
sum of the invariable antecedents, cannot be denied. 
Such is the following; 'Suitably to this experience, 
therefore, we may define a cause to be an object, 
followed by another, and when all the objects, similar 
to the first, are followed by objects similar to the second.' 
But then the sentence proceeds : ' Or, in other words, 
whtrt, if the firs/ ^jecl had nol been, the second never had 
existed.' Now this alternative definition is not open to 
Reid's objection, though it is open to the objection of 
ignoring the fact that the same event may be due to 
distinct causes, as pointed out in p. A, n. 4", When 
modified to meet this objection, it would run thus : ' Cause 
[or causes] and Effect are two [or more] events, or sets of 
events, which are so related, that, if the first [or one of the 
first] had not been, the second had never existed.' Or, 

* Activt Poiem, Emy IV. ch. ili. 

" I am indebted to Profeisoi Park of Belfait (ox drawing my attention 
to tbit objectJOD, wbich bad neaped m; notice jn tbe Fint Edition. It 
wai Dciginally pointed out by Dr. Thomai Biown, in hb Saquiry into 
the R^alim of Cmsi and Effect, Note A. 
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perhaps, it might be more simply stated thus : ' Ad 
Effect is so related to its Cause or its alternative Causes, 
that if the latter or one of the latter had not been, the 
former had never existed ".' 

Both Dr. Thomas Brown and Mr. Mill attempt to meet 
Reid's objection. 

^rown holds that the cause is that invariable antecedent! 
which immedialdy precedes the effect; thus the position] 
of the sun at a given moment, that which we call sun-rise, 
is the cause of day. 

M iW attempts to meet the same objection by having 
recourse to the idea of ' unconditionalmss! The cause of 
a phenomenon is ' the antecedent or concurrence of ante-lA*?". 
cedents on which it is invariably and uncondilimally con-i 
sequent,' i.e. which not only invariably precedes it, but} 
which is followed by the effect without the occurrence of 
any other condition. Now night cannot be called the 

" Thii dtfinition ii, it mnit be confessed, lomcwhat dflicieiit in sim- 
plicity. But I rentnie to luggcM thit it will bar cloter examination 
than that of Mi. Mill, who dcfiaei ' caose ' u tbe ' nacoaditional invari-i 
able anlectdenl.' Whether by the term ' unconditional ' he means ' not! 
depending on any prerioai condition,' or ' iiot combined with auy con- 
eurrent condit ion, ' it may be objeeted that there is ivo such phepomenon 
in nature. If, as teemi clear from the context, the lerm be used in the 
latter lenw, we fhall not only be excluded from laying thai night is the 
cause of day, but also tbat lolar light is the came of day, for there 
are other conditions, both poiitive and negative, iMcntlal to the produc- 
tion of what we call day bj the solar rays. In &ct, according to the 
tetms of this definition, we could never, as we are constantly doing, 
single out any one prominent phenomenon, and call it the cause of an 
event, witbout enumerating all tbe otbei condition], positive and nega- 
tive, which are essential to its •^■eiation. 



cause of day, because it might go on for ever without 
being followed by dayj unless the condition of ^K^i^B ,uj<. 
rising were fulfilled. See MiU's Logic, Bk. III. ch. v!*§" ^t^^ 

The objection to Brown's account is that we fre- 
quently speak without hesitation of-A as the cause of B, 
though we are by no means certain that it is, strictly 
speaking, the immediate antecedent of B, nothing else 
whatever intervening ; in fact, it is questionable whether in 
any case we can ascertain to a certainty that nothing else 
intervenes between two events. Similarly, it may be 
objected to Mill's account that we frequently speak with- 
out hesitation of A as being the cause of B, though we 
are by no means certain that there are not other ante- 
cedent conditions, positive and negative, which must be 
satisfied before A can be followed by B ; and, indeed, as 
in the former case, it may be questioned whether we can 
ever be certain that there are no other conditions besides 
those which we have selected **. 

The first author of eminence who adopted Hume's 
view of the nature of Cause was Dr. Thomas Brown ; 
singularly enough, however, so far from assuming with 
Hume that its origin was to be found in experience, he 
regarded it as instinctive. The notion of ' Power ' he 
supposed was simply a gratuitous hypothesis, needlessly 
interpolated between the antecedent, which we call the 
Cause, and the consequent, which we call the Effect. 
' We are eager to supply, by a Uttle guess-work of 
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fancy, the parts unobserved, and suppose deficiencies 
in our observation where there may truly have been 
none; till at length, by this habitual process, every 
phenomenon becomes, to our imagination, the sign of 
something intermediate as its cause, the discovery of 
which is to be an explanation of the phenomenon. The 
mere succession of one event to another appears, to us, 
very difficult to be conceived, because it wants that inter- 
vening something which we have learned to consider as 
a cause : but there seems to be no longer any mystery, 
if we can only suppose something intervening between 
them, and can thus succeed in doubling the difficulty, 
which we flatter ourselves with having removed ; since, 
by the insertion of another link, we must now have two 
sequences of events instead of one simple sequence**.' 
Hume's position is also accepted by James Mill in his 
Artaiysii of (he Phenomtna of Ike Human Mind, and by 
John Stuart Mill in his SysUm of Logic. 

Hume's antagonists have generally (with Kant) com- 1 
bated his arguments by denying the assumption on which :' 
they are based, namely, that the origin of our conception 
of Cause is to be sought in experience. Hume, it will be ; 
recollected, challenges those who maintain the hypothesis 
of 'power' or 'necessary connexion' to show how we 
can have become acqu^nCed with it. Does it come from 
our experience of the externa! world, or from our experi- 
ence of the control of our will over our own acts or our own 
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I thoughts ? The answer of the Kantian School would be 
1 that it does not come from experience at all, that it is one 
. of those fundamental conceptions which are native to the 
; human mind, not given by experience but evoked by it. 
Others, like Reid and Stewart, to whom we may add 
M. Maine de Biran, surrender the notion of power as 
applied to causation in the ^ternal world, while they 
maintain it as applied to our own actions, which are the 
results of will We are conscious, they say, of power in 
ourselves, though we perceive only succession in the ex- 
ternal world. Dr. Mansel, following Cousin, adopts a 
third view, and maintains that the notion of ' Power ' Is 
1 given only in the control of the mind over its own opera- 
Itions. ' The intuition of Power is not immediately given 
in the action of matter upon matter ; nor yet can it be 
given in the action of matter upon mind, nor in that of 
mind upon matter ; for to this day we are utterly ignorant 
how matter and mind operate upon each other. We 
know not how the material refractions of the eye are 
connected with the mental sensation of seeing, or how 
the determination of the will operates in bringing about 
the motion of the muscles. We can investigate severally 
the phenomena of matter and of mind, as we can examine 
severally the constitution of the earth, and the architecture 
of the heavens : we seek the boundary line of their junc- 
Uon, as the child chases the horizon, only to discover that 
it flies as we pursue it. There is thus no alternative, but 
either to abandon the inquiry after an immediate intuition 
of power, 6t to seek for it in mind as delerminmg iis oum 

Dr., ;X.OOglC 
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modifications; — a course open to those who admit 
immediate consciousness of self, and to them only. My! 
first and only presentation of power or causality is thus to| 
be found in my consciousness of myself as willing ^! | 

The relation subsisting between an act of will and the 
motion of the limbs, or between a physical antecedent and 
its consequent, he regards as beyond our knowledge. 
■'Our clearest notion of efiSciency is that of a relation 
between two objects, similar to that which exists between 
ourselves and our volitions.. But what relation can exist 
between the heat of fire and the melting of wax, similar 
to that between a conscious mind and its self-determina- 
tions P Or, if there is nothing precisely similar, can there 
be anything in any degree analogous ? We cannot say 
that there is, or, if there is, how &r the analogy extends, 
and how and where it feils. We can form no positive 
conception ofa power of this kind : we can only say, that 
it is something different from the only power of which we 
are intuitively conscious. But, on the other hand, we are 
not warranted in denying the existence of anything of 
the kind ; for denial is as much an act of positive thought 
as affirmation, and a negative idea furnishes no data for 
one or the other ".' 

It would, however, be beside my purpose to enter into 
a detailed account of the history of this controversy. 
In consequence, however, of its historical importance, it 
seemed essential to take some notice of it, and to point 
out that, whatever theory may be adopted as to die naturt 
" Prolegmatna Logica, pp. 138, 139. " Ibid. p. 140. 

Dr., ;XiOOg[C 



a8 NATURE OF 

I of Cause, and however great our inability to conceive iow 
one event is followed by another, there is, at least, sufficient 
definiteness in the conception to entitie it to be accepted 
■ as the basis of scientific reasoning. Whether we acknow- 
ledge that one event has invariably the pmver of producing 
another, or whether we content ourselves with asserting 
that it is invariably followed by that other, it is, in either 
case, Ihe element of invartableness which makes the" 
connexion or conjunction, whichever we may call it, a 
.fitting object of scientific research. But remove the 

' element of invanableness, and suppose, if it be sup- 

, posable, that the same antecedent or set of antecedents 
is sometimes followed by one consequent, and sometimes 
by another, and sometimes by none at all; in that case 

i science would be impossible. 

The student who wishes to obtain further infonnation 
on this controversy (a controversy, however, which pos- 
sesses a historical rather than a practical or scientific 
interest) is referred to Hume's Essay on Ike Idea of 
Necessary Connexion ; Dugald Stewart's Disserlalton, Part 
II. sect. 8 ; Mill's Logic, Book III. ch. v; Sir W. Hamil- 
ton's Lectures on Metaphysics, Lectures XXXIX, XL; 
Hansel's Prolegomena Logica, ch. v; Mill m Hamilton, 
ch. xvi; Lewes' History of Philosophy, Articles on Hume 
and Kant. I refer only to books likely to be within the 
Student's reach. In quoting or referring to Hume, I 
have employed only his Essays. Many writers persist in 
making references to his Treatise of Human Nature, a 
work written at the early age of twenty-seven and after- 
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wards repudiated by the author as containing an im- 
mature expression of his opinions ". In the Adveriisenunl 
to his Essays, he desires that ' the following Pieces may 
alone be regarded as containing the author's philosophical ■ 
sentiments and principles.' 

Nok 3.— That a cause is . . . . . .; that every 

event has a cause ; that th e sam e cause is always at- 
tended wi t h the same effect; are obviously three distinct 
propositions, and still there are few writers who, in their 
treatment of the question of Causation, have not more 
or less confounded them. The first proposition (if 
completed) would be the Definition of Cause, the pre- 
dicate, of course, depending on the view adopted with 
reference to the question discussed in the previous note. 
The second is a statement of the Law of Universal Causa- 
tion, the third of the Law of the Uniformity of Nature. 

It will be observed that in the test of this chapter I 
have said of each of these laws that it 'is universally 
admitted by mankind, or, at least, by the reflecting portion 
of mankind.' The latter clause must be regarded as 
emphatic, and suggests, I think, a sufficient answer 
to those authors who call in question their universal 
reception. Mr, Lewes, speaking of the Law of Universal 
Causation, says, ' All believe irresistibly in particular acts 

" This wotk is undoubtedly of tbe highest pbiloiophical intensl, bnt 
whea we ate coiicrraed in deteimining the matured philosophical opmioni 
of Hume it cannot be regarded 11 aulhoritative. It it curious to Rod a 
recent editor of Dame's Essays exptessty defending the practice on vbich 
I haie animadverted in tlie tent. See Mr. Qrose's edition of Hume's 
Essayt, vol. i, p. 39, 
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30 tfATURS OF 

of causation. Few believe in universal causation ; and 
those few not till after considerable reflexion ".' He then 
proceeds to adduce the case of a student of chemistry, 
who could not be convinced of the truth of the Law, 
but 'looked upon the argument as an imwarrautable 
assumption.' Now I venture to suggest that this incapacity 
was due to the terms of the proposition not being made 
sufficiently intelligible to him. I question whether any 
man of average powers of understanding could be found 
who would maint^n the contradictory of either of these 
Laws; who would assert, that is to say, that an event 
might happen without anything to account for it, or that 
a repetition of exactly the same circumstances might be 
followed by a diS'erent eS'ect. That a considerable 
amount of intelligence is necessary in order to understand 
the general terms in which the propositions are stated, 
is undeniable, but, when once understood, I presume that 
the propositions cannot fail to be acquiesced in. Like 
all other propositions, however, of wide import, they may 
be both understood and acquiesced in, without being 
.fully realised. It is the full and constant realisation of 
' these Laws, at all times and under all circumstances, 
which mainly distinguishes the man of scientific from the 
' man of unscientific habits of thought. The unscientific 
man either does not think of enquiring into the causes 
of the phenomena around him, or notes with little pre- 
cision the circumstances which he is investigating. The 
scientific man, on the other hand, insists on invariably 
" Lewes' Hisloiy of Philosophy, Article on Kint. 
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referring the phenomena in which he is interested to ' 
their several causes, and is satisfied with nothing but the 
most rigorous enquiry into the relation between these j 
causes and their effects. 

But, it may be asked, if the Laws of Universal Causa- 
tion and of the Uniformity of Nature are, on reflexion, 
thus universally received, by what mental process do 
men assure themselves of their truth ? Of the origin of 
these, as of kindred beliefs, two different explanations 
are offered by rival schools of psychologists. According 
to one school, the human mind is so constituted that it 
cannot but accept them; they are fundamental belief 
which exist in the mind prior to all experience, though 
it is experience which occasions us to realise our pos- 
session of them. We have never iearni them ; we have 
simply discovered that we possess them. Thus Reid, 
speaking of our conviction that the future will resemble 
the past" (what we now call the Law of Uniformity 
of Nature), says, ' The wise Author of our nature hath 

*> This howCTCT, i> a raj iDidequite itilcment ot the Law of the 
Unironnity of Nature. ' It, hu been well pointed out,' laji Mt. MIUj^" 
' thit Time, in hi modiiicitiont of pail, present, and future, hai no con- 
cern either wiih the belief ilielf, or with the grounds of it. .We believe 
that £te will bum lo-mortow, because it burned to-day »nd yesterday; 
but we believe, on precijdy the saioe grounds, that it bnmed before We 
were bom, and that it burnt thii very day in Cochin-Chiita. it it not 
from tbe pait to the (btore, as past and future, that we iufer, but from 
the known to the uokoown ; from ficli observed to facts unobserved j 
from what we hive perceived, or been directly conscious of, to what hii 
not come within oui experience. In this last predicament is the whole 
legioa of the future j but also the vastly greater portion of the present 
and of the past.*— Mill's Login, Bk, 111. ch. iii. 

■.,.,=X,ooglc 
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implanted in human minds an original principle by which 
we believe and espect the continuance of the course of 
nature, and the continuance of those connexions which 
we have observed in time past. It is by this general 
principle of our nature, that, when two things have been 
found connected in time past, the appearance of the one 
produces the belief of the other'".' And Dr. Whewell, 
speaking of the Law of Universal Causation, says, ' We 
assert that " Every event must have a cause : " and this 
proposition we know to be true, not only probably, and 
generally, and as far as we can see; but we cannot 
suppose it to be false in any single instance. We are 
as certain of it as of the truths of arithmetic or geometry. 
We cannot doubt that it must apply to all events past 
and future, in every part of the universe, just as truly 
as to those occurrences which we have ourselves observed. 
Wfial causes produce what effects; — what is the cause 
of any particular event ; — what will be the effect of any 
peculiar process ; — these are points on which experience 
may enlighten us. Observation and experience may be 
requisite, to enable us to judge respecting such matters. 
But that every event has some cause. Experience cannot 
prove any more than she can disprove. She can add 
nothing to the evidence of the truth, however often she 
may exemplify it. This doctrine, then, cannot have been 
acquired by her teaching ".' 

" Reid's Inquiry into the Human Mind on thi Prlncipla of Comrmn 
Stntt, cb. TJ. S 14. 

»■ Whewell's Hislory ofScienlific tdias, Bk. III. ch. li. 5 I. 
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The opposite school of psychologists (o£ which Mr. 
Mill and Mr. Alexander Bain may be taken as the modern 
representatives) maintains that there is nothing in these 
and kindred beliefs which compels us to distinguish them 
genericaUy from other tniths, but that, like all other truths,! 
they are the result of Experience. From our earliest) 
years, we have been so constantly accustomed to observe 
one change preceded by another change, and the same 
antecedents followed by the same consequents, as well as 
to find our own experience in these respects corroborated 
by that of others, that, on reflexion, we all acquiesce, and 
canml hul acquiesce, in the statements which generalise 
these facts. This, it is held, is a sufficient explanation of 
that universali/y and mcessily, which, by the advocates of 
the intuitional theory, described in the last paragraph, are 
supposed to distinguish the ' fundamental beliefs of the 
human mind' or 'the principles of common sense,' as 
they are called by these authors, from all other truths. 
The beliefs have acquired the character of universality] 
and nece ssity , not because they have sprung from any| 
other source than our ordinary beliefs, but because of thej 
constancy and variety of the experience from which they. 
are gained. ' In fact, our whole lives,' says James Mill, 
' are but a series of changes, that is, of antecedents and 
consequents. The conjunction, therefore, is incessant ; 
and, of course, the union of the ideas perfectly insepa- 
rable. We can no more have the idea of an event with- 
out having the ideas of its antecedents and its conse- 
quents, than we can have the idea and not have it at the 

D 
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, same time ".' But here occurs a difficulty. If the Laws 

of Universal Causation and of the Uniformitjf of Nature 

I are inferred from particular facts of causation, are gene- 

i ralisations from experience, or, in other words, inductions, 
I how is it that they are made the grounds of all other 
I inductions? Is not this to argue in a circle? The 
answer to this difficulty is that the Laws in question are 
■ the result of an uniform and constant experience, co- 
extensive not with the life of the single individual who 
employs them, but with the entire history of the human 
race ; that, consequently, when we adduce them as the 
. grounds on which our other inductions rest, we are per- 
forming the perfectly legitimate process of resolving 
. narrower into wider cases of experience. The argument, 
in short, is this : the inference from this narrow field of 
observation (the particular induction which we happen to 
be making) must be allowed to be true, unless we are 
prepared to deny one or other of the much wider gene- 
ralisations which constitute the Laws of Universal Causa- 
tion and of the Uniformity of Nature. To recur to the 
instance adopted in the text, the proposition that bodies, 
subject to the action of gravity only, fall in equal times, 
can be called in question only on peril of doubting one 
or other of the laws ; thus, the doubt which might attach 
to it is shifted to two other propositions which no one 

" Jama JAB't Analyds of the Phenomena of lie Raman MiBrf.ch. li. 
:The position maintiiaed by Jamei Mill is that these belieis owe their 
univenality to the fitct of their being iiuepiriblj lisociated with all out 
other cogditioni. This ii only anothet mode of stating the theory which 
derives them ficia experience. 
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would think of questioning. Or, to state the same posi- 
tion in a slightly different foim, this particular instance is 
shown to be a member of an infinitely long series, the 
other members of which have been examined and ap- 
proved ; as, therefore, it differs in no essential respect 
from them, it claims to be admitted also. There is, in- 
deed, throughout this argument one assumption ; as the 
lival theory assumed the trustworthiness o f what it styled 
our ' fundamental beliefs ,' so this assumes th e validity of 
esperience. But, unless we make one or other of these 
assumptions, we must be prepared to maintain that know- 
ledge is altogether impossible ". 

There is a third theory of the origin of universal beliefs 
which combines, with certain modifications, both the 
others. It would admit that all beliefs alike are ultimately 
derived from experience, and still it woiJd freely adopt 
the language that there are some beliefs which are ' native 
to the human mind.' The word 'experience,' as or- 
dinarily employed by psychologists, includes not only the 
experience of the individual, but the recorded experience 
of mankind. On the theory, however, of which I am 
now speaking, it has a still more extended meaning; it 

" It thoold be policed that Dr. Minsel, while igieeipg in the main, 
m he usnali/ does, with the inluitionil ichool, in reipect to the origia 
of onr belief in the Law of Unireml Ciusation, lefers to experience the 
origin of our belief in [he Uoifotmily of Nature. ' The belief in the 
unifonnit; of nature is not a necetEaiy truth, however conitantlj guaran- 
teed by our actual experieace.' Maniel's Milaphysics, Chapter on Nccei- 
•aij Tnitbi. Cp. Proitgomma Logics, ch. y. Dr. Mimel's treatment of 
these ijaeitioni ii, in manj' respects, peculiar la himiel^ 
O 2 
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includes experience, or, to speak more strictly, a peculiar 
aptitude for forming certain experiences, Iransmititd by 
hereditary descent from generation to generation. While 
some ideas occur only to particular individuals at particular 
times, there are others which, from the frequency and 
constancy with which they are obtruded upon the minds 
of men at all times and under all circumstances, become, 
after an accumulated experience of many generations, 
connatural, as it were, to the human mind. We assume 
them, often unconsciously, in our special perceptions, and 
when the propositions, which embody them, are pro- 
pounded to us, we find it impossible, on reflexion, to | 
doubt their truth. It is by personal experience of ex- 
ternal objects and their relations that each man recognises 
them, but the tendency to recognise them is transmitted, j 
like the physical or mental peculiarities of race, from 
preceding generations, and is anterior to any special ex- 
perience whatever on the part of the individual. This ' 
theory, to which much of modern speculation appears to j 
be converging, is advocated with great ability in the works j 
of Mr. Herbert Spencer". ' 
The student who wishes for fiirther information on the j 
questions discussed in this Note is referred to Dugald 
Stewart's Philosophy of the Human Mind, Part II. ch. v. 
§ a" ('Of that Permanence or Stability in the order of 
Nature which is presupposed in our Reasonings concerning 

" See etpcdillr hU work on the Pnncipia of Prfchaiogy, Pirt IV. 
" la Sir W. Hamilton'] edition oF Stewart's Wotks, the conespoading J 

refeieace il Part li. SubdJriiion I. ch. ii. tectioD 4, lataectJOD l. 
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Contingent Truths') ; Reid's Inklkctuai Powersy Essay VI. 
ch. vi ; Reid's Active Powers, Essay I. ch. iv ; Hamilton's 
SuppUmenlary Dissertations to ReiSs Works, Note A, § 3, 
Note Q; Hamilton's Lectures on Metaphysics, Lectures 
XXXIX, XL; James Mill's Analysis 0/ the Phenomena 
of the Human Mind, ch. xi ; Mill's Logic, Book III, 
ch. iii-v, x»ij Mansel's Prolegomena Logica, ch. v; Han- 
sel's Metaphysics, Section on Necessary Truths ; Mill on 
Hamilton, ch. xvi ; Lewes' History of Philosophy, Article 
on Kant; Bain's Moral and Menial Science, Book II. 
ch. vi, with Appendix B ; Herbert Spencer's Principles of 
P^chology, Part IV. The student, in employing these 
references, must be careful to distinguish between what 
relates to the Law of Universal Causation (sometimes 
called the Principle of Causality) and the Law of the 
Uniformity of Nature. The two Laws, as already 
noticed, are not always distinguished with sufSdent 
care. 
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CHAPTER II. 
Of Processes subsidiary to Induction. 

OF the various mental processes subsidiarr to In- 
duction proper, it will be sufficient fca our purpose to 
discuss Observation and Experiment, Classification (in- 
cluding Nomenclature and Tenninology), and Hypo- 
thesis. 

§1, 0/ Observation and Experinuni. 

These words are now so familiar, that they hardly 
require any explanation, '^'o observe is to watch with 
attention phenomena as they occur, to exterimeni (or, to 
adopt more ordinary language, io perform an experiment) 
is, not only to observe, but also to place the phenomena 
under peculiarly favourable circumstances, as a pre- 
liminary to observation. Thus, every experiment implies 
an observation, but it also implies something more. 
In an experiment, I arrange or create the circumstances 
under which I wish to make my observation. Thus, if 
two bodies are falling to the ground, and I attend to the 
phenomenon, I am said to observe it, but, if I place the 
bodies under the exhausted receiver of an air-pump, or 
cause them to be dropped under any special circum- 
stances whatever, I may be said not only to make an 
observation, but also to perform an experiment. Bacon 
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has not inaptly compared experiment with the torture of 
witnesses '. Mr. Mill distinguishes between the two pro- 
cesses, by saying that in observation wcfittd oar instance! 
in nature, in experiment we make it, by an artificial ar-j 
rangement of circumstances. 'When, as in astronomy,) 
we endeavour to ascertain causes by simply watching 
their effects, we observe ; when, as in our laboratories, we 
interfere arbitrarily with the causes or circumstances of 
a phenomenon, we are said to experiment*! 

As Observation often involves little or no conscious 
effort, while Experiment always implies an artificial 
arrangement of circumstances, it might be expected that 
the general employment of the former for scientific pur- 
poses would long precede that of the latter. And this 
supposition is confirmed by the History of Science. 
Though it is false to alBrm that Experiment was never 
employed by the Greeks', its general neglect was cer- 
tainly one cause of the little progress made by them in 
the physical sciences. 

In the attempt to ascertain the effect cAj. given cause, ' 
there can be no question of the general superiority of : 

' ' Qucmadinoduni enim in civilibns ingenimn cujusque, et occultnt 
inimi affectunmque sfniui, meliut eljcitui, cum quis in pertuibalione 
ponitDi, qnara alias : simili modo, et occulta naturz magis se piodunt 



1>ei Rxationes artium, qnam cam cuiiu luo muut 


• Nov. Org., Bit. I. 


Aph. xcviii. 




' Thomion and Tail's Nalvral Philosophy, vol. 


. 5 369. 


* For 1 refutation of this popular misconception, 


see Mr. Lewes' votk 


on AriUolU. ch, ri. Mr. Lcnrs. however, seerni t 


m. not sufficiently 


xo Tccoguite the slight »t«il to which Eipeiimc 


nt was employed in 
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Experiment over Observation. To be able to vary the 
' circumstances as we choose, to produce the phenomenon 
under investigation in the precise degree which is most 
convenient to us, and as frequently as we wish, to com- 
bine it with other phenomena or to isolate it altogether, 
are such obvious advantages that it is not necessary to 
insist upon them. Without the aid of artificial experi- 
ment, it would have been impossible, for instance, to 
ascertain the laws of falling bodies. To disprove the old 
theory that bodies fall in times inversely proportional to 
their weights, it was necessary to try the experiment; to 
be able to affirm with certainty that all bodies, if moving 
in a non-resisting medium, would fall to the earth through 
equal vertical spaces in equal times, it was essential to 
possess the means of removing altogether the resisting 
medium by some such contrivance as that of the air- 
pump. In some of the sciences, such as Chemistry, the 
Sciences of Heat, Light, and Electricity, it is next 
to impossible, at least in their inductive stage, to ad- 
vance a single step without the aid of Experiment, No 
amount of mere Observation would ever have enabled 
us to detect the chemical elements of which various 
bodies are composed, or to ascertain the effects of these 
elements in their pure state. Even when Observation 
alone reveals to us a fact of nature, Experiment is often 
necessary in order to give precision to our knowledge. 
That the metals are fusible, and that some are fusible at 
a lower temperature than others, is a fact which we can 
conceive to have been obtruded upon man's observation, 

D.-., ;XiOOg[C 
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but the precise temperature at which each metal begins 
to change the solid for the liquid condition could be 
learned only by artificial experiment. 

But, though, in ascertaining the effect of a given cause, 
Experiment is a far more potent instrument than Ob- 
servation, the latter process is also available, and is 
frequenily of the greatest service. Thus, the Science of 
Medicine equally avails itself, for this purpose, both of 
observations and experiments. The scientific physician 
will not only iry the effects of different medicaments, 
dififerent modes of diet, and the like, but he will also 
wa/ci the effects on the organic system of various occu- 
pations, habits, and pursuits. In some cases even, as 
in all astronomical and many physiological phenomena, 
the only means open to us of ascertaining the effect of 
a given cause is Observation. If we wish to ascertain 
the various phenomena attendant on a shower of meteors 
or a total eclipse of the sun, we must wait till the shower 
of meteors occurs or the total eclipse takes place. If 
we wish to learn the effects of the lesion of a particular 
part of the nervous system, we must generally wait till 
an instance offers itself; there are many experiments too 
dangerous and too costly to be made, at least in the case 
of man. 

While, however, both Observation and Experiment arc 
available in ascertaining the effects of a given cause, 
in the reverse process of ascertaining t h e cause of a > 
given effect. Observation alone is open to us. ' We } 
can take a cause,' says Mr. Mill, 'and try what it will 



42 PROCESSES SVBSIDISRr TO INDUCTION. 

produce; but we cannot take an effect, and try' [that 
is, experimentally], ' what it will be produced by. We 
can only watch till we see it produced, or are enabled 
to produce it by accident.' In those cases, consequently, 
in which effects alone are patent to us, and the causes 
; are concealed from our view, we are compelled, unless we 
I are able to reverse the problem in the manner noticed 
' in the next paragraph, to have recourse to Observation. 
A new disease makes its appearance : the mode of its 
action, and the conditions favourable or unfavourable to 
its diffusion, can only be learned by a careful observation 
and comparison of cases. 

It should, however, be noticed that the problem of 
findings the cause of a given effect is, in practice, as, for 
instance, in many cases of chemical analysis, often 
reversed, and that, by setting in action a variety of causes, 
we try to discover whether any one of them will produce 
the effect in question. Experiment is thus substituted 
for Observation. 

It will readily be seen that those Sciences which de- 
pend wholly or mainly on Observation are, as inductive 
sciences, at a great disadvantage compared with those 
in which it is possible largely to employ Experiment. 
Where We wish to ascertain the effect of a given cause, 
and we cannot make the instances for ourselves, the 
want of appropriate and definite instances will often 
completely baffle us. And, though the cause of a given 
effect can only be learned by Observation, thi*s is gene- 
rally an enquiry of extreme difficulty, requiring to be 

Dr., ;X.OOg[C 



OBSERVATION AND EXPERIMENT. 43 

supplemented by experiment, or the actual production 
of the given effect by the supposed cause, before we can 
be certain that it has been conducted with the required 
accuracy. Thus, mere observation of the electrical phe- 
nomena which we witness in the heavens could never 
have given us the Science of Electricity. The experiments 
which we may conduct in an hoiu' are of^en worth a 
century spent in observations. , 

In the Science of Astronn^ v this defect is more than ( 
compensated by the extreme simplicity of the pheno- 
mena, the heavenly bodies beii^ regarded by us, not in 
themselves, but only in their mutual relations. Hence, { 
we are, at a comparatively earty stage, enabled to apply 
the Deductive Method, and to solve the problems of 
Astronomy by mathematical calculations. But in the 
very complex Science of Physiology this resource is not 
open to us, and hence the backwardness of those de- 
partments of physiological science in which direct ex- 
periment is not available. Any animal or vegetable 
organism is so complex, the data are so numerous, and 
bear to each other so many different relations, that, 
hitherto, it has been found impracitcable to subject 
physiology, at least in any detail, to a deductive treat- 
ment. In social and political specu la tions, the want of 
experiment is, to some extent, supplied by statistics. A 
social or political experiment is generally as impracticable 
as an experiment in physiology, and the danger with 
which it is attended is often incomparably greater. But 
the number of observations open to us in these enquiries 
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(as, for instance, in respect to crime, education, frade, 
taxation, &c.) is often very large, and, by carefully 
comparing and systematising them, we may frequently 
detect some relation between two circumstances which 
enables us, with great probability, to infer that one has 
something to do with the production of the Other. I am 
here, however, trenching on the province of those chapters 
which treat more pecuHarlj of inductive inference. 

The following Rules may be laid down for the right 
conduct of Observations and Experiments ; — 

Rule I. They must be precise. It is often of the 
Utmost importance to notice the exact time at which 
an event occurs, the length of its duration, the position 
of an object in space, its relation to surrounding objects, 
and the like. We are all acquainted with the prime im- 
■portance of precision of detail in legal evidence ; it is no 
■ less indispensable in scientific research. For the purpose 
of enabling us to attain this object, various instruments 
and methods have been nvented. As instances of these 
may be g^ven, amongst instruments, the telescope, the 
microscope, the thermometer, the barometer, measures 
of various kinds, the balance, the dial, the clock, the 
watch, the chronometer, the vernier, the goniometer, the 
galvanometer, the thermo-electric pile ; amongst methods , 
the decimal system of notation, fractions both vulgar 
and decimal, the divisions of time, the various con- 
trivances for the measurement of space, the method 
of double-weighing, the method of least squares, the 
personal equation in astronomical observations. To these 



OBSERVATION AND EXPERIMENT. 45 

instances might be added numerous others, but these 
will be suiBcient to show the great aid derived by what 
may be called the. natural methods of observation from 
artificial contrivances. The Thermometer and the Method 
of Double-Weighing furnish such striking exemplifica- 
tions of the assistance thus afforded, that, though they 
are probably familiar to most of my readers, it may be 
desirable to explain them, one as an example of an 
instrument, the other of a method. 

The Thermometer (it is not necessary here to describe 
the different kinds of thermometers) is a contrivance for- 
determining the degree of temperature, irrespective of 
the mode in which it afi'ects individual or^nisms. As 
our sensibility .varies considerably under different circum- 
stances, so that what at one time affects us with the 
sensation of hot will at another affect us with that of 
cold, the sense of touch cannot be depended, upon for 
giving us accurate measurements of temperature. But 
the fact that an augmentation of temperature, with cer- ■ 
tain rare exceptions (to be noticed hereafter), expands 
the bodies subject to its influence furnishes us with such 
a means of measurement. We take a substance which 
notably exemplifies the power of heat in expansion, such 
as mercury, alcohol, or, where it is necessary to ensure 
great precision, atmospheric air carefully prepared, and, 
by confining it within a tube, and marking off a scale 
of measurements along the side, we are enabled, by 
noting the degree of expansion of the substance in the 
tube, to estimate, at least approximately, the exact degree 

D.„-:;c:. Google 
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of temperature in the atmospliere or any other body, the 
conditions of which we are investigating. 

The method of Double -Weighing is peculiarly simple 
and ingenious. It is a contrivance for remedying any 
possible defects in the construction of the Balance. The 
body to be weighed is placed at one end of a balance, 
and is exactly balanced by another body placed at the 
other end ; the first body is then removed, and its place 
supplied by a standard weight or weights, till these 
exactly balance the second body; we are thus, on the 
principle that things which are equal to the same thing are 
equal to one another, assured of the precise equivalence in 
weight of the body to be weighed and the standard 
weight or weights, whatever may be the, imperfections 
of the instrument by which they are compared. 

It frequently happens, however, that a single observa- 
|tion may .greatly mislead us. I may be in a district at 
one time, and find the air very temperate and agreeable ; 
the next time I come, it may be peculiarly hot, or chill, 
or moisL I may see a man, at the first shot, hit his 
mark ; but, at the subsequent shots, he may fire very wide 
of it. Hence the importance, whenever there is any 
liability to error, of taking an <werage of oiservaiionn. 
If a sufficient number of observations be taken, there is 
every probability that an error in one direction will be 
compensated by an error in the other, and that an ave- 
rage, derived from all the observations, will approximate 
much more nearly to the truth than any single observa- 
tion is likely to do. Thus, if I wish to ascertain the true 

Dr., ;X.OOglC 
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character of the climate at any particular place, the obser-i 
vations I consult must estend over a considerable numberf 
of years ; if I wish to estimate truly the skill of the marks-| 
man, I must watch, not a single shot, but many successivej 
ones. The average, it is true, is liable to error, but anyf 
single observation is much more so. There is hardly 
any department of science, depending upon observation, 
in which, if it be our object to obtain precision, this 
method is not indispensable*. 

Rule II. But, though it is necessary to be precise in 1 
our observations and experiments, it is also important, \ 
in order to avoid distraction and waste of time, to attend 1 
only to the maierial circu/nslances of the case we are in- ( 
v>^|iigari"f A physician, for instance, in prescribing for ' 
his patient, would not now think it necessary to take an 
observation of the planets, nor would a chemist, in gather- 
ing herbs for his decoctions, think it of any consequence 
to notice the phase of the moon. A caution should, how- 
ever, be added. Before neglecting any circumstance in 
our observations, it is of the utmost importance to have 
ascertained beyond doubt that it is not material to the 
subject of our enquiries '. To neglect this caution would 
be a violation of the first Rule. 

' The Jtudent who miy wish for further infonnation in cooneiion 
with Rule I. is tefeired to Dr. Whewell'i Novum Organoa RMCvaiurn, 
Sk. III. ch. ii., and Herschel'i DUcourse on iht SItidy ofNamral PkUo- 
lOpky, S 387-9. Oq the importance of wkipg an areiage of objecrations, 
KC Heitchel't Biscoant, i 126-30. 

• The neophyte in icience reqmrei to be reminded that observations 
which might at £rtl be lupposed to be immalmal are often aftuwaidi 
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Rule III. The circumstances under which an observa- 
tion or experiment is made should, except in the very 
simplest cases, be varied as much as possible. A phy- 
sician, in studying the character of a disease, will note its 
effects on persons of different ages, constitutions, habits 
of life, and the like. An astronomical observer will not be 
content with a single observation of a newly-discovered 
comet, but will note the phenomena which attend it at vari- 
ous st^es in its passage through the heavens. A chemist 
will combine a newly-discovered element with the various 
other elements, and will try upon it the effect of heat, 
pressure, &c. It is, of course, implied that some discretion 
will be employed in the application of this Rule, and that 
the variation of circumstances will not be carried beyond 
the point at which there is some probability of its adding 
to our knowledge. 

Rule IV. The phenomenon under investigation should 
if possible be isolated from all other phenomena, or, at 
least, from all those which are likely to. interfere with our 
study of it. In studying the effects of the action of 
gravity upon bodies, it was necessary to exhaust the 
atmosphere and to withdraw the support, and, by thus 

found to be amougsl the ciicnmslancn most maltrial !□ the enquiiy. 
' Conid anything ' (says Dr. Rolletton, in hii AddretJ before the Medical 
Association in 1868) • have seemed at 6nt sight to be more impettineni, 
more oliosely curious and trilling, than to enquire during an epidemic of 
cholera what was the nature of the subsoil in the area it was rairaging, 
to what depth it was poioui, and at what leiel the water was, and bad 
been pieTiously, standing in it? Yet, as I think, Von Peltenkofer has 
at last fought out and won hii battle on these points.' 
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insulating the phenomenon, to enable us to perceive how 
bodies behave when subject to the action of gravity only. 
A physician, in trying the effects of a new drug, will, at 
first at leasts administer it alone, and not in combination 
with other drugs which might augment or counteract its 
influence on the system '. 

A beautiful instance of the isolation of a phenomenon 
is afforded whenever there occurs a total eclipse of the ■ 
SUBn As, on these occasions, the moon, by a curious \ 
coincidence, exactly covers, or rather more than covers, 
the sun's surface, and thus intercepts all light from it, we 
are able to see, what we see on no other occasion, cer- 
tain rose-coloured protuberances, projecting, as It were, 
from the dark edge of the moon, but really belonging to 
the sun. The real nature of these ' red flames ' was long 
a matter of dispute, but it seems now to be conclusively 
settled that they are portions of an atmosphere of incan- 
descent hydrogen in which the sun is enveloped, and 
which shoots out in these flames to a distance estimated 
al not less than fbrly or fifty thousand miles. Had it not 
been for the insulation of the phenommion thus produced 
for us by the intervention of the moon, we should have 
been ignorant of their existence. Here, to use a bold 
metaphor, we might say that Nature herself performs anj 
experiment for us '. 

" By obttrving ihe third of these rules we uiually prepare our insUneet 
Tot Ibc applicition of whit will hereirter be explained ai the Melbod of 
Agieement, and by observiag the fourth for tbe application of what vUl 
beteaAet be explained as the Method of DilTerence. 

' A method hat recently been demised by which these ptowberances 
E 
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When it is impossible entirely to isolate a phenomenon , 
it is sometimes possible so Tar to diminish the action of 
the concomitant circumstances as to be able accurately 
or approximately to calculate what would be the effect, 
if they were altogether absent. Thus, we can never 
altogether remove the influence of friction on a moving 
body, but we can so far diminish it as to be able to say 
what the effect would be were no such influence at work. 
We cannot altogether eliminate the influence of extraneous 
circumstances on a patient subject to medical regime, 
but, by due care, we may minimise the excitement, fatigue, 
ennui, or other unfavourable conditions which might 
interfere with our treatment. 

The circumstances under which we perform our experi- 
ments being more in our own power than those under 
which we conduct our observations, it -is obvious that 
the foregoing rules, and especially the third and fourth, 
can be more easily observed in experiments than in 
observations, 

§ 2. On ClassifiSalim, Nomendaiure, and Terminology. 

(i) Of Ci-assieicatiok. 

A classification, in the widest sense of the term, is a 

division, or a series of divisions and subdivisions *. The 

maj' be obserred at any time when the ran is shining. Till quite re- 
cently, however, a total edipie of the lun aifocded tiie only occaiion for 
observing them, and, if it had not been for the attention thuj drawn to 
them, they would piobably nerer have been diKOvered. , 
* See Deductiiu Logic, Pait IL cb. Tiii. 
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process of classifying our own thoughts or feelings, or 
the actions of ourselves or others, or the external objects 
which surround us, is one of the most constant occupa- 
tions of the mind. Thus, we are perpetually dividing 
outward objects into those which are useful or those 
which are useless or noxious to us ; those which are useful 
into such as are within and such as are beyond our power 
to attain ; those which are useful and which it is within our 
power to attain into such as are to be sought at once, 
and those the effort to appropriate which may be more 
advantageously postponed, — each of these divisions ad- 
mitting of almost infinite subdivision. In fact, as has 
frequendy been remarked, every attribution of a general I 
name implies an act of division or dasMfication. j 
When we speak of a horse, we are dividing all objects 
inb3 those which are horses and those which are not 
When we speak of a bay horse, we are superadding to 
this division the subdivision of horses into bay horses and 
those of any other colour. 

But the process of Classification of which I am about 
to treat, though the same in kind with that which we 
employ in the affairs of ordinary life, is of a much more 
complex and systematic character. The great diS'erence 
is that, whereas in the affairs of ordinary life we generally 
classify objects with reference to some o n e p rinciple, that 
principle varying according to the particular purpose we 
happen to have in view (thus we classify horses according 
to their colour, their breed, their strength, dec, each classi- : 
fication being suggested by some distinct purposed, a 
E a 
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scient ific classification must take account of all_thejoi nt3 
of difference which are in any way hkely to facilit ate 
the scientificjnyestigation of the.group. The purport of 
the science being defined, the classificatlou must be based, 
not on one or two characters, selected arbitrarily, but on 
the entire assemblage of characters which the science in- 
vestigates; . Thus, if Botany be defined as the science 
which investigates the or^nisation (including under that 
term the form, structure, and functions) of plants, a bota- 
nical classification, in order to be strictly scientific, must 
not omit to take into account any ^art^ of that organisa- 
tion. But it is evident that such a requirement would 
produce endless confusion, unless we could discover some 

imode of subordinating the characters, so as to malce the 
more important points of difference the basis of the higher 
divisions in the series. Hence we see already that a 
jcienfific classification must be guided by at least two 
principles, a review of all the characters or distinguishing 
mark s, so far as they are known and so far as they fall 
withm the scope of the science, and a subordination of 
these characters one to another. To these principles 
others will subsequently be added. 

Before proceeding to the attempt to ascertain induc- 
tively facts o f co-existence or causation amongst a vast 
mass of phenomena, it is often highly important, if not 
essential, to arrange these phenomena in groups, as well 
,as to determine the order in which these groups them- 
;selves shall be arranged. Hence the importance of laying 
-down correct rules for Classification in a System of 
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Inductive Logic. It is exclusively as subsidiary to In- 
duction that I shall here consider the subject of Classi- 
fication '. 

A scientific Classification ^ regarded as subsidiary to 
Inductioj employed for scientifi c purposes, may be de- 
fined as A Series of Divisions, so arranged as iesl io\ 
facililaU the complete and separate study of the severaA 
groups which are the result of the divisions, as well as ^n 
the entire subject under investigation. 'The general pro- 1 
blem of classification,' says Mr. Mill "*, ' in reference to 
these [namely, scientific] purposes may be stated as 

■ It will probibl; occnr to the stDdcnt that the materiils for ClasiiSca- 
tioD can themselircs only be obtained by Induction. And thii is true. 
All ClasiiGcation implies the prior employnient of an laduciiofer Eaa- 
merBtioBtm Simplicim, by which we «Ublish the fact of the co-inherence 
□f certain ittributei. But these 'inductions of coexiilence' (tee pp. 
7-9)1 which precede our ciissifications, are altogether of a difterent 
order from the ' inductions of cautaiion ' which it i( the ultimate aim of 
science to establish, and to which I regard Class! lici lion as mainly 
subordinate. I say ' mainly lubordinale,' for, of course, there is no 
doubt that, when, by means of certain ' inductions of co-existence,' we 
bare conititnCed a class, ve are in a more bfourible position than before 
for delecting additional facts of co-existence among the associated 

When, from t wide experience, I find that the attributes a, b, e, d, e 
iQFariibly co-exist in the tame objects, I generally constitute these objects 
into a class, and designate them by a class-name. Ttie name thus serves 
to recall the fact of the co-inherence of the attributes, and 1 am far 
more likely, than if 1 had never made the claisiGcation, to discoret 
the co-exiitence with the other five of some sixth iltribvle, say/, or 
to be able to trace some causal conneiioa between, tay, a and h, or 

- • Mill's Lagk, Bk. IV. ch. rii. \ \.y^xp-\. 
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follows : To provide that things shall be thought of in 
such groups, and those groups in such an order, as will 
best conduce to the remembrance and lo the ascertain- 
ment of their laws.' 

The sciences of Bptan^ and Zoology are rightly re- 
garded as furnishing the best examples of Scientific Clas- 
sification. The excellence of the classificadcms which 
they present may be referred to two reasons. The first 
is the extraordinar y multiplicity of the diff erent kinds 
of animals and jJaiUs^ which are found on the siirfece of 
the globe: this fact has, from the earliest times, exercised 
man's ingenuity in the attempt to name them and reduce 
them to order. The second reason may be fotind in the 
imtJcrfec tion of thes e science s in their presen t co^ di ^jp^ : 
the difficulty, amounting almost to impossibility, of dis- 
covering laws of aiccession, or, in other words, relations 
i' of cause and effect, in the animal and vegetable kingdoms 
: has naturally led scientific enquirers to concentrate their 
', attention on the far easier task of describing and ar- 
i ranging the objects themselves. Mineralogy, though its 
classifications are less systematic and complete, is also, 
in the present state of the sdence, mainly occupied id 
attempting the work of classification. 

The best means, perhaps, of making the student ac- 
quainted with the nature of scientific classificatifMi is to 
compare the method of natural dassification (which aims 
at being strictly scientific) with that of aTiifi c ial cJassifica- 
/("(>» (which, so far as it is artificial, is not scientific), giving 
illustrations from the sciences of Botany and Zoology. 

D.,r:-c.XiOOg[C 
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An examination of the |i! ^iiral system will enable us to 
lay down certain rules for gcienti fie ..classification, and 
I shall conclude with such remarks as may seem ne- 
cessary in order to preserve the student from erroneous 



A natural system of Classification aims at classifying 
objects according to the w^ iple of their resemblances and 
differences, so ^ as these are recognised by the science 
in whose service the classification is made. But amongst 
these resemKances and differ ences some are found to be 
myariably atten ded by a number of otheiS, and conse- 
quently these, as tlie mort important, are selected as the 
characters by which to discriminate the higher divisions 
of the series, the less important characters being, through- 
out the whole series, subordinated to the more important. 
This successive subordination of characters and the con- 
sequent coincidence of the groups formed by our classi- 
fications with what appear to be the great divisions of 
nature are the peculiarities which mainly distinguish a 
natural system. An utificisd system, on the other hand, 
is one which selects arbitrarily some point of difference 
amongst the objects to be classified, and then, so far as 
possible, makes this or similar points the basis of its 
classifications. No system, however, as we shall see pre- 
sently, is purely artificial Though of little use, except 
as a preliminary effort, for the purposes of science, an 
artificial system possesses one great advant^e. As it 
bases its divisions, where possible, on some Qjjfi property, 
and that generally something which at once strikes the 

Dr., ;X.OOg[C 
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I eye (one of the earliest of the modem attempts to classify 
plants took for its basis the form of the coroBa), it is 
('^peculiarly easy of application, and can be much more 
readily learnt than a natural system. It thus often serves 
the purposes of a key, by which we may easily discover 
the place of a group in a natural system. I now pro- 
ceed to offer illustrations. 

In Botany, the most celebrated artificid. system is diat 
) known as the LinnfeaQ, though Linnasus also did much 
': towards the establishment of a natural system. In this 
system, which was a great advance on preceding artificial 
systems, the m^n basis of classification is the niimhpr of 
stamens an d gistils whi ch are to be foun d in the flowering 
pl ant. This character is, however, to some extent 
modified 1^ other considerations, such as the rel^^ve 
lengths of the stamens, the shape of the fruit, &c.; so far 
as these modifications are admitted, the Liimsean system 
approaches to a natural system. The annexed Tables 
(extracted from Balfour's Manual of Soiany ") will give 
the student some idea of the maimer in which the Classes 
(higher divisions) and the Orders (divisions intermediate 
between the Classes and Genera) are constituted accord- 
ing to the Linnsean system. It should be premised that 
the stamens are the male organs, and the pistils the 
female organs of a plant 

" 5S 716. J'?- 
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Tabular View or the Clasies of na Linnian System. 

A. FlowcK pretcnt, or evident Slamen> and Piilils (Pbinerngamia). 
I. StameDi and Pitlit ia ereiy flown. 
I. Stamens free, 
o. Stamem of equal Ungth. or not difTering in certain pro- 

porJioni ; 
in numb«T i Clais I. Monandria. 

— a II. Diandria. 

— 3 III. Triandrii, 

— 4 IV. Tetrandria. 



— 6 VI. He«ndria. 

— 7 VII. Heptandria. 

— 8 VIII. OctanJria, 

— 9 IX. Enneaiidria. 

— lo X. Decandria, 

— I»-J9 XI. Dodecandria. 

— ao I inserted on Calyi — XII. Icoundria. 
or more) on Recepticle. . ., XIII. Polyandria, 

b. Stamens of dilTerent lengths ; 

two long and two diort XIV, Didynanua, 

fbar long anil two diort XV. Tetradfnamia. 

( 3. Stament united ; 

by Filsunenti in one bundle. . . . XVI. Monadelphia. 

in two bondlo XVII. Diadelphia. 

in more than two bundlei XVIII. Polyidelpbii. 

by Antberi (Compound floweri) XIX. Syngeneiia. 

with Pittil on a Column XX. Gynandria. 

on the lame Plant XXI. Moncsda. 

on dllTerent Plant! XXII. Duecit. 

III. Stamem and Pistil in the same or in 1 

different flowert on the same > XXIII. Polygimia. 

or on different Plants ' 

1. Flowers absent, oi Stametu and Pistils not ) ,_,,., _ 

mdcnt 1 XXIV. Cryptogam-a. . 
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The Classes a re sub-divided into Orders, as will be 
seen from the next Table, on a less uniform plan than 
that on which they were themselves constituted. 



TabuIjAK View 
Clan 



B ORDEM Of TBE LiNNSAN StSTEH, 



Monogynia" i Free StyJe. 

Digyoia 3 Free Slfles. 

TrigynU 3 — 

TsUagyaia 4 — 

Penlagynia 5 — 



< Hcptagynia . . 
Octogfuia ■ . .. 
Enneagynia .. 
Decagynia . . ., 
Dodecag]'ni> .. 
Polygynia .... 



7 — 

8 — 

9 — 



iJ upmtib. 



Aogiotpernua . 



Fiuit formed by four Achznia. 

Fruit, a iwo-ceUed Capsule with 
many teedi. 

Siliculosa Fnilt, a Siticula. 

Siliquosa Fruit, a Siliqua. 



Triandria, Decandria, Sec (numbet of Stamens), a 



nClasi 



. Florets all bermaphrodltc. 
Florets of the disk hermaphrodite, 
those of the ray pisUUifcrons and 

I of the disk hennaphrodile. 



- Neceiiaiia 

- Segregala 



ieoft^ 






Monogamia ■ . 



. Florets of the diilc itamiaiferoui, 

thoiB of the lay pistilliferous. 
. Each floret haviDg a separate in- 

. Aathen united, flowencampoand. 



" It mnit not be loppotcd that all the Orderi, Monogyaia, &c., exist 
in each of the first thirteen Classe*. When an Order is absent, the next 
Order which i> present tafcei its place in the numerical iirangement. 
Thai, if the Order Trigyoia be abieat, and the next Order which is 
pteient be Tetragyaia, as in Class IV, Ibis latter will rank as tho thhd 
Order. 
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Monandrb, Dundrii, &c. (aumber of Stamens), at ia the 
Claua. 

lEcia Heimaphroilitc, ilaminiferinii, and 

pidilUferoiu flawen on the ume 

:is on two planti. 

cia on three plaDtt. 

mice. Fern.. 

Moid MoMci. 

Hq>aticz Livoworti. 

Licheoes Lichens. 

Algx Sea-weeds. 

Fnngi Muthraomi. 

' Even as an artificial method/says Professor Balfour", 
' this system lias many imperfections. If plants are not in 
full fiower, with all the stamens and styles perfect, it is 
impossible to determine their class and order. In many 
instances, the different flowers on the same plant vary as 
regards the number of the stamens. Agmn, if carried 
out rigidly, it would separate in many instances thft 
species of the same genus ; but as Linmeus did not wish 
to break up his genera, which were founded on natural 
affinities, he adopted an artifice by which he kept all the 
species of a genus together. Thus, if in a genus nearly 
all the species had both stamens and pistils in every 
flower, while one or two were moncecious or dioecious, 
he put the name of the latter in italics, in the classes and 
orders to which they belonged according to his method, 
and referred the student to the proper genus for the 
description.' 

The species of the Linnssan system coincide with those 

of the natural system. The same is mostly the case with 

" Zii!ojii'» Mamud <^ Balany, § 718. 

Dr., ;X.OOglC 
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I the genera, or next higher divisions. The Linnsean system 
is, therefore, far from being purely artificial. In fact, when 
we come to the lower groups of vegetables (genera and 
species), we are compelled to discriminate them one from 
another by a multipl icity of characters, so that a purely 
artificial_ system of botany would be impossible. 

The framers of natural systems of botany, instead of 
iselecting some one character, such as the number_of 
Istamens and pistils, as the basis of the higher divisions, at- 
nempt to discover a number of characters, any^one of which, 
Bf employed as the instrument of division, would give t he . 
Isame results as any of the others. This coincidence of 
[divisions founded on various characters is a proof that we 
jhave reached some real distinction in nature. The main 
division of plants into cellular and vascular, or acoty- 
ledonous and cotyledonous, and the sub-division of vas- 
cular or cotyledonous plants into monoctyledonous and 
dicotyledonous, furnish remarkable instances of snch 
a coincidence, and may consequently be regarded as cor- 
responding with grand divisions in nature itself. 

' In taking a survey of the Vegetable Kingdom, some 
plants are found to be composed of cells only, and are 
called CdMar; while others consist of cells and vessels, 
especially spiral vessels, and are denominated Vascular. 
If the embryo is examined, it is found in some cases to 
have cotyledons or seed-lobes, in other cases to want 
them; and thus some plants are col^ledonotts, others 
acolyUdonous ; the former being divisible into monocolyle- 
donous, having one cotyledon, and dicotyledonous, having 
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two [or more] cotyledons. The radicle , or j 
of acotyledons, is hekrorhizal, that of monocotyledons ia 
endorkieal, that of dicotyledons, exorkiztd. When the 
stems arc taken into consideration, it is seen that marked 
differences occur here also, acotyledons being acrogmous, 
monocotyledons endogenms, and dicotyledons exogtmus. 
The venation of leaves, parallel, reticulated, or forked, 
establishes the same great natural divisions; and similar 
results are obtained from a consideration of the flowers, 
monocotyledons and dicotyledons being phanerogamous 
and acotyledons cryptogamous' 

' Thus, the following grand natural divisions are arrived 
at: — . ^ ■ fir ^. ■ .. . 

©""'■ ■i^"''-.Ti. -v^^-ii-' 5,<^Asl "' ■ "' 

1. Cellulut . . Acolj-ledonmu. HetHorhiiil. Acrogenous. { ^^^^ 

„ . ( Monocolfledonons. Endorhiiil. Endogenous. ) Phaaero' 
I. VMcniii. j DicotyledoDoui. Eioihiial. Ejtogenoni. J gamom'V 

Having established these Primary Divisions of thel ; 
vegetable kingdom, the botanist, guiding himself as far asl 
possible by the same principles as those on which thd 
primary divisions were formed, proceeds to divide ana 
sub-divide till at last he arrives a.t speciei. which art* 
generally deGned to be collections of individuals so nearly, 
resembling each other that they may be supposed to be , 
descended from a common stock. Thus, the Class i 
'Dicotyledones or ExogenEc' is sub-divided into four sub- 
classes, one of which is the ' Thalami flora:,' characterised 
as having ' calyx and corolla present, petals distinct and 

" Bilfoul'i Manual of Botany, J{ 713, ^24. 
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inserted into the thalamus or receptacle, stamens hy- 
pogynous.' This sub-class is divided into a number of 
orders (sixty in Professor 'BaXioar's Manual), one of which 
is Hypericaceje, the Tutsan or St John's-wort femily, 
thus described ; — 

' Sepals 4-5, lepitate or united, peiiistcnt, uiually with glaiidiibr doll, 
unequal; astiiation imbricaieil. Petals 4-5, oblique, often with black 
dots, xsti¥ation contorted. Stam^A hjpogynoua, indefinite in number j 
generallj palj'adelphoui, very rarely id, and monadelphous or distinct ; 
filimenti filiform : antheri bilocuiar. witb longitudinal dehiscence; cu- 
pdi 1-5, united round a central or basal placenta ; styles the same num- 
ber ai the carpels, uioally separate ; ittgmu capitate or simple. Fmit 
either fleshy 01 capsular, multilocalar, and multiraltalat, rarely unilocu- 
lar. Seedi Diuatly indefinite in number, minute, anatropal, uiDilly ei- 
ilbuminous ; embryo usually straight. — Herbaceous plants, shrubs, or 
trees, with exstipulate entire leaves, which are usually opposite and 
dotted. Fioweis often yellow.' 

In this order there are fifteen known genera, one of 
which is the Hypericum, which is thus described in 
Irvine's Handbook of British Plants : — 

'Hypericum, St John's-wort. Herbaceous plants or shrubs, with 
opposite simple, entire leaves, which are usually furnished with pElludd 
dots (reservoirs of essential oil). Sepals five, free or united at the base, 
ovate, (lightly unequal, pnmaneat. Petals ai many as the sepals, obtuse, 
spreading. Stamens indefinile, combined at the base into three or five 
sets, with small roundish anthers. Ovary witb three-five cells or carpels 
and ai many styles, wilh simple stigmas. Froit capsular, rarely baccate, 
three-five-celled, with nnmetous seeds.' 

This genus is divided into sub-geneia or s ections , one 
of which is thus described : — 

' Stems herbaceous. Stamens in three parcel! (trladelpboDs). Stylet 

three. Capsule Ihree-celled, thiee-valved.' 
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The sub- genus or section is again divided into sub- 
sections, one of which is characterised as having ' stems 
round, sepals with ciliary glands.' This sub-section con- 
tains amongst its species the well-known Hypericum 
Pulchram, ' Elegant St. John's-wort,' thus described : — 

' Stemi ececl, bent at the bau, round, glabroas, limplc or branching. 
Lavci ovati, clasping, coriaceous, smwitb, with nnmetous translncent 
doti. riowert in opposite panicled cyme*. Eepali obovalt, rouiuiisk, viitk 
a point, ciliattd, vdth luarly sistiU glands. Petali oblong, ribbtd, with 
black Kisile glands".' 

The first peculiarity which strikes us in these descrip-l 
tions is the J M'ge number of characters which is employed | 
in constituting even the bighei; divisions of the series.) 
Instead of describing merely the number and disU;ibution 
of the sta mens, as in the Linnsean system, we have, even in 
the description of the Order, a reference to almost every 
pa rt of the p lant. We next notice the much greater' 
definiteness which the characters assume, as we descend! 
lower in the series. Thus, to take the sepals as an in- , 
stance, the description of the sub-class simply informs 
us of the presence of a calyx, while each successive divi- 
sion (except the sub-genus) gives us more and more 
definite information as to the numberj_2P_^ti?'?.'.f°'™f **-■ 
of the sepals which constitute the calyx. Again, we 
observe that, in the l ower divisions, the stem, leaves, 
sepals , and petals are the characters which are brought 
into greatest prominence, whereas the stamens and the 
various parts of the ^stij^ (the carpels, styles, and stigmas), 

" See Irrine'i Bandioot 0/ BriM Plants, under Order CIII. 
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which are employed in the higher divisions, disappear 
from the lower, as no longer affording grounds of differ- 
ence. Now the stamens and pistil, inasmuch as any 
peculiarity in them is generally accompanied by a lai^er 
number of peculiarities in other parts of the plant, are 
usually of far more importance than the corolla (petals) ' 
and calyx (sepals), and therefore it is reasonable to suppose 
that the grounds of difference furnished by them would 
be likely to be eiEhausted in the higher divisions. At 
the same time we see that, in the instance we have 
taken, the sepals and petals furnish grounds of dif- 
ference at a very early stage of the dassification, and 
consequently that even the less important characters 
are often used concurrently with others to determine 
the higher divisions, 

' In Zoology, the advant^e of a natural over an ardficial 
classification is more readily recognised than in Botany, 
the structure and functions of animals being more fa- 
miliar and apparent than those of plants. A division of 
animals, for instance, which adopted the number of limbs 
as its sole distinguishing character, and thus brought 
together, as quadrupeds, the ox and the frog, would be so 
absurd on the face of it, as to be rejected at once. ' No 
arrangement of animals,' says Dr. Whewell ", ' which, in 
a large number of instances, violated strong and clear 
natural affinities, would be tolerated because it answered 
the purpose of enabling us easily to find the name and 
place of the animal in the artificial system. Every system 
M HUtory oflhi laduclwe Sciiitees, Bk. XVI. ch. i-il. . 
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of Zoological arrangement may be supposed to aspire 
to be a natural system.' He then proceeds to give an 
instance of an attempt to constitute an artificial classifi- 
cation in the ichthyological branch of Zoology. ' Bloch, 
whose ichthyological labours have been mentioned, fol- 
lowed in his great work the method of Linnaeus,' (who 
devoted much of his attention to the classification of 
animals as well as of plants). ' But towards the end of 
' his life he had prepared a general system, founded upon 
one single numerical principle — ^the number of fins ; just 
as the sexual system of Linnaus is founded upon the 
number of stamina: and he made his sub-divisions ac- 
cording to the position of the ventral and pectoral fins ; 
the same character which Linnceus had employed for his 
primary divisioa He could not have done better, says 
C«vier, if his object had been to turn into ridicule all arti- 
ficial methods, and to show to what absurd combinations 
they may lead.* 

'By the natural method^ says M. Milne Edwards'^ 
(whose remarks on Zoological Classifications and the 
Primary Divisions and Classes of the Animal Kingdom 
are well worthy of the attention of all students of induc- 
tive logic), 'the divisions and subdivisions of the animal 
kingdom are founded on the whole of the characters 
fi imished by each anima l, arranged according to their 

" See Milne Edwards' Zoo!ogU (in ihe Cours elemerUoiri iFhisloirt 
natarilU), septifeme edition, JS 3G4, 365. There ii in English tiantUIion 
of thii woik by Dr. R. Knox. I have followed it, except in a few plicet 
where it doei not iccutatelj represent the original. 
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degree of respective importance; thua, in knowing the 
place which the animal occupies, we also know the more 
remarkable traits of its organisation, and the manner in 
which its principal functions are exercised. 
' 'The rules to be observed in arriving at a natural 
classification of the animal kingdom are of extreme sim- 
iplicitc, but often there is much difficulty in the appli- 
cation. They may be reduced to two, for the object of. 
the zoologist in establishing such a classification is, — 

' isL To arrange animals in natural series, a ccording 
tq^thc degreejjf their respective affinities, — that is to say, 
to distribute them in such a manner that those species 
which most nearly resemble each other may occupy the 
nearest places, while the distance of two species from 
each other may, in some sort, be the measure of their 
non-resembl ance. 

' and. To divide and subdivide this series according to 
the principle of subordination of characters, — that is to 
say, by reason of the importance of the differences which 
these animals present between them.' 

The Primarj; Divisions of the animal kingdom, accord- 
ing to the natural system, are four, there being four types 
of structure and of nervous organisation, to which animal 
life conforms. 

' These four principal forms may be understood by a 
reference to four well-known animals — the dog^ the craj^ 
fish or lobster, the snaii the SLS.^i9is.or sea-star. 

'In order that the zoological classification might be 
a faithful representation of the more or less important 
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modifications introduced into the structure of animals, 
it was necessary to distribute these beings into four 
priacipal groups or divisions; and this is, in fact, what 
Cuvier did. 

■' The animal kingdom is divided into vtrlebraie animals, 
articulated or annulated animals, molluscs, and zoophytes. 

' The fundamental differences distinguishing these four 
primary divisions depend chiefly on the mode of arrange- 
men t of th e different parts of the body and on (he con- 
formation^ of the nervous system. It is easy to under- 
stand the importance of these two dominant characters : 
to feel and to move is the especial character of animal 
life, and these two functions belong to the nervous^ 
systeig It might readily, then, be anticipated that the 
mode- of conformation of this system would exert a 
powerful influence over the nature of animals, and 
would furnish characters of primary importance In 
classification. 

' The general disposition or mode of reunion of the 
different parts of the_body exercises an equally important 
influence, as modifying the localisation of the functions 
and the division of the physiological result".' 

Vertebrate animals' are thus described: — 





n in the more important points 


of thdr sUuctUH!; almott all the parts 


of their bodies are ia pairs, and 


diipoied ■ymmetikill]' on the two sidH 




thdr nervoui system is highly developed, 


, and ii composed of nefres and 


ganglioQt, and of a brain and spinal in 


arrow. To the»e we may add. 



" Milne EJwardi, Ji 371, 373, 
F 2 
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that the principal musclei »re itiiched to an internal skeleton, composed 
of sepacile pieces, connected together, and disposed so as to prolecl Ihe 
more important organs, and to form the passive instruments of loco- 

fbr the brain and spinal marrow, and letnils from the reanion of annular 
portions, called vertebra; that the apparatus for the circulation is lery 

the blood it red; that the limbs are almost always four in number, and 
nerer more ; finally, that there eiisC distinct organs lodged in the head 
for sight, bearing, smell, and taste".' 

The Primary Division (embranchement) ' V'T|(;];'r3i'^ 
Animals' is sub-divided into the five classes. Mammals, 
Birds, Reptiles, Batrachia, Fishes, of which Mammals are 
thus described: — 

'Organs of lactation. Hot blood. Circulation complete, and heart 
with four cavities. Pulmonary respiration simple. Lobes of the cere- 
bellum reunited by an annular protuberance. Lower jaw articulated 
directly with the cranium. The body generally covered with hairs. 

'There exist considerable differences amongst the 
mammalia, and these modificatiCms of structure serve as 
the basis for the division of the class into groups of an 
inferior rank, called £rdcf:Sjt Most of these groups are 
so distinct as to admit of no doubt in respect of their 
limits: they constitute, in fact, natural divisions; but in 
others the line of demarcation is by no means so distinct. 
Thus a mammal may have points of resemblance so 
close to two groups as to render it almost indifferent to 
which it be referred. To some naturalists, differences 
appear important which are disregarded by others, and 
" Milne Edwards, $ 374. 
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hence a want of agreement on the subject of classification 
has always prevailed, 

■ ' The method followed here is nearly the same as that 
proposed by Cuvier. It rests mainly on Ihe differences 
mammals show in respect of their extremities and teeth, 
diffiirences which always imply a crowd of others in 
habits, structure, and even intelligen ce. 

' Keeping in view the ensemhle of these characters, the 
class mammalia may be divided into two groups, — the 
mmodelphic and didelphic. 

' The monodelphic . or mono del phJan are the more nu- 
merous, and are distinguished chiefly by their mode of 
development. At birth they are already provided with all 
their organs, and before birth they derive their nourish- 
ment from the mother by means of a placenta. Theic 
brain is more perfect than the didelphian, by the presence 
of a corpus callosum uniting the two cerebral hemispheres, 
Finally, the walls of the abdomen have no osseous sup- 
ports attached to the margins of the pelvis, as we find 
in the second great class of mammals. The mammals 
thus organised have been subdivided into two groups, — 
namely, ordinary mammals and p isciform mammals. 

' The ordinary mammals are organised principally to 
live on solid ftround ; the skin is provided with hairs. 
These animals are further subdivided into ten orders: the) 
bimana, quadrumana, cheiroptera, insectivora, rodentla^ 
edentata, camivora, amphibia, pachydermata, and rumi-i 
nantia. The first eight of these orders have flexible; 
fingers and toes, with nails covering only the dorsal aspect 

Dr., ;X.ooglc 
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of the toe or finger, and comparatively small ; hence they 
have been called un^iiijtlain : the last two, — namely, the 
pachydermata and ruminantia, have the extremity of the 
finger and toe entirely enclosed in a hoof; they are thus 
called un^ala . 
j 'The order bimana includes only , ip% n : in him alone 
the arms are destined for prehension, the limbs for pro- 
gression and support in the erect attitude. Thus, his 
natural position on the soil is unmistakeably vertical. The 
teeth are of three kinds, and have their edges on the 
same plane ; they are frugivorous : finally, the brain is 
more perfect, more highly developed, than in any other 
animal ".' 

( Here the Order is co-extensive with the Species, but 
' usually the Order ts divided into Geneja, and each Genus 
, into Species. Thus, the Ordei 'Carnivora' is divided 
into the Genera 'cat,' 'hyjena,' 'dog,' 'bear,' &c Again, 
the Ge n t j s' cjfjfc,' comprises the dog properly so called, the 
wolf, and the fox. The genus 'cat' comprises not only 
the cat properly so called, but the tiger, lion, panther, *c. 
It may be as well to add an account of the characters 
which distinguish respectively the Order ' Carnivora .' the 
Genus 'Fells,' and the Species ' Leo^ ' in order to serve 
as an example or illustration of the manner in which these 
several degrees in the scale of Clas^fication are usually 
described : — ■ 

' The order of cam iTora ii composed of ordioiry nnguiculated irwm- 

malE ; The fonn of iheir dentition is complete, bnt they h»e no opposing 

" Milne Edwards, %% 409-41]. 
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ihDmb. According to the mode of life of thew aaimil), their intettiiul 
canal is ihort ; Iheic jaws and tbeii imudei (tiong. in older 10 idze and 
dcToor thdr prey ; their head from thii circnautaace (cems large. The 
j>w( are ihort, tbui ^vouring their tlrengtb, and the form of the tern- 
ponUaaxiUuy articulation provei (bat the teeth are made for tearing 
and cutting, not foi griading or masticating. The canine teeth are 
huge, long, and rctj powerliil ,' the incison, tU in pumbei in each jaw, 
lauU; the molart, somelimei adapted merely for catting, in others lur- 
mounted with roonded tDbetcles, presenting no conical points, arranged 
as in the iniectiTOra. One of theie molar teeth is mnaDf mnch longer 
and more cutting than the othen, and has therefore been called the car- 
niroroui molu tooth ; behind these (on each aide) are one 01 two molars, 
almost flat, and between the carnivorous molar and the canine a variable 
number of fake molars. The food of the animal, whether eiduiively 
composed of fleih or mixed with other matters, may be judged of by the 
varying proportions of these cutting or toberculated molars. 

' Animals of this order have generally the toes armed with claws 
adapted 10 hold and to tear their prey ; usually also they have no coQar- 
bonci.' 

The following are the characteristics of the genug 
'Felis,' and of the s pecies 'Leo:'— 

' Their jawi are short, and are acted on by mniclei of extraordinary 
strength ; their retractile nails, concealed between the toes in a state of 
repute by means of elastic ligaments, are never blunted. Their toes are 
Eve in number on the anterior limbs, and four on those behind. Their 
hearing is exceedingly fine, and the best developed of all their senses. 
The/ see well by day and night, but they are not far-sighled : in some 
the pupil is elongated Tettically, in others it is round. They make great 
nse of the organ of smell ; tbty consult it before eating, and often when 
anything disturbs them. Their tongue is coiered with homy and rery 
rough points. Thdr coal is in general soft and Ene, and the surface 
of the body very sensible to the touch ; their whiskers eqiedally seem 
to be instruments of great sensibility. Though o( prodigious vigour, 
they geuetally do not attack animals openly, but employ cunning and 
artifice. They never path their prey to flight, but, watching by the 
margins of rivers and pools in covert, they spring at once on their 
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' At the held of thii genus itands the lion, meuoriag rrequentl]' 
twelie feet in Itoftth, or over lix feet to the seltuig on of the tail ; about 
three feet in height, and chaiacteriied by the (quale head, the tuft of 
hiir tenninatiag the tail, and 1q the male bj ihe maite which flovi from 
the head and dedE",' 

The process by which the Zoologist constitutes the 
Frimaty Divisions of animal life, and then descends from 
these to the Species, is distinguished by the same pecu- 
liarities as those which vre remarked in reviewing the 
natural classifications of the Botanist. In one step or 
other of the classification almost eveiy known charac- 
Iteristic of a species will be found. As we descend the 
, series, the characters gain in definiteness and, as a rule, 
J lose in importance. Moreover, even in the higher divi- 
j sions of the series, numerous characters are used, and 
those not always of great appare nt importance. Thus, 
that ' the body is generally covered with hairs ' is one 
of the characters of Mammalia. 

The student will now be in a position to understand 
the rules which may be laid down for the right conduct 
of a Natural Classification. 

I I. Kot only the lower, but the higher groups of the 
'series should be so constituted as to ditfer from one 
{another by a multitude of characters. It is only when, 
as is the case in the primary divisions of Botany and 
(Zoology, we arrive at the same divisions from a variety 
of difi'erent considerations, that we can feel assured that 
lour groups really correspond with distinctions in Nature. 

^ Milne Edwardi, { 414. 
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It is this coincidence, in the higher groups of the series,! 
_of divisions formed on different principles, that distin-l 
guishes a Natural from an Artificial Classification. { 

II. The more important characters should be selected! 
for the purpose of detennining the higher groups. This) 
is called the tfincitiU of the subordination of cha racters. 
But how are we to determine the relative importance 
of characters f 'We must consider as the most impor-j 
tant attributes,' says Mr. Mill**, 'those which contribute] 
most, either by themselves or by their effects, to render 
the things Uke one another, and unlike other things; 
which give to the class composed of them the most 
marked individuality; which fill, as it were, the largest 
space in their existence, and would most impress the 
attention of a spectator who knew all their properties but 
was not specially interested in any.' This is perfectly 
true, but it seems to be hardly sufficiently definite. The 
following criteria may be proposed for the purpose of 
dJKrirninating between the more and the less important 
prope rties of natural objects,. (1) A character which is 
found to furnish an invariable index to the possession 
of certain other characters is of more imporiance than 
a character which furnishes no such index. Thus, the 
Jnternal strucLui&of an animal is of more importance than 
its size, and the mode of fructification of a plant than 
the colour of its flowers. (2) Amongst such characters,! 
a character is regarded as of more or less importance,] 
according as it accompan ies a greater or smaller numberv 
» MilTi Lo^e, Bt. IV. ch. tu, { i. 
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j qf Othe r difference s. Thus, in the classification of animals, 
the characters from which the classes unguiculata and 
ungukta are so called are of more importance than 
the form of the teeth, which is used in distinguishing the 
orders. For the same reason, the mode of growth of 
flowering plants (which leads to the distinction of en- 
dogenous and exogenous plants) is of far more im- 
portance, as a character, than the number of stamens 
\ or pistils. Hence, in constituting the higher divisions 
I of a series we must look for those characters which are 
\ accompanied by the largest number of diflferetices. 
] III. The classification should be gradual, proceeding 
by a series of divisions and subdivisions. When the 
group to be classified consists of an enormous number 
of species, as in the case of animals and plants, the 
necessity of ot>serving this rule is obvious. To descend 
at once from the Primary Divisions to, say, Genera and 
Species, would render the Classification comparatively 
worthless. The object of a classification being to bring 
together those groups which resemble each other and 
to separate those groups which differ from each other, 
we must take account of degrees of resemblance and 
difference, so that, as a rule, the number of gradations 
will increase with the number of groups to be classified. 
Both in Botany and Zoology, the grand divisions which 
seem now to be universally recognised are Primary 
Divisions, or Sub-KingdJUOS (embranchements), Classes. 
Order s, Genera, and Species. Between these various 
other divisions are interpolated, according to the seeming 
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requiremenls of each particular system, and often accord- 
ing to the views of each individual author. Moreover, 
below Species are often reckoned Varieties , and even 
Varieties are sometimes subdivided, this being especially 
the case when animals have become domesticated or 
plants cultivated. Taking as an instance the Anthyllis 
Vulneraria (Common Lady's Finger), the divisions and 
subdivisions of a natural classification may be illustrated 

I. Phuuby Division , . . , Colyledone!. 

II. Clak DicolyJedono. 

Sabclut CalvciAonc. 

III. Okdek Leguminosx. 

Suborder Fapilioiiiceae, 

Tribe ...... Lotex. 

Subtribe Geniitez. 

IV. Qehus AnihylliJ. 

Sabgenu or Section . . . Vu1aei>rii. 

V. Sracrai Viiln4r»ri»". 

Virietf Dillcnii. 

Race Floribus coccineis. 

Viuiition Foliis birsutissimis. 

In very extensive groups, other divisions may be inter- 
polated; thus a subgenus or section is often divided into 
a subsection. On the other hand, many of these divisions 
often disappear ; if a genus consist of only a small 
number of species, and there be no very striking points 

" B3\fmn\ Manual <if Botany, { yaj. 

" It ii not Dncommon in Ibe clisiiiicitoiy scteoce;, at in ihii instance, 
to aifign the same name to a higher and lower division, the lower divi- 
lion exhibiting in i marked manner the characters possessed in common 
b; the Tariom member! or the higher dJTision. 
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of difference amongst them, we may descend at once^ 
without any intermediate divisions, from the Genus to 

jits various Species. Sometimes, even, an order may 
contain only a single genus, or a genus a single species, 

]in which case the two may be regarded aa coextensive. 

I In the case of Man, we saw that we descend at once from 
the Order to the varieties, the Order Bimana being co- 
entensive with the genus and species Homo, so that here 
three even of the grand divisions are coincident. 

IV. The groups should he sQ arranged, that those 
which have the closest affinities may be brought nearest 
to each other, while the distance of one group from 
another may be taken as a measure of its dissimilarity 
from it The observation of this rule would result in 
what Mr. Mill calls ' the arrangem ent of the natural 
groups into a nat u ral series.' For the purposes of sub- 
sequent induction, it is plain that it is of the utmost 
importance not widely to dissever groups which present 
many phenomena in common, or which we even suspect 
may do so. The object aimed at by this rule is, to a 
great extent, attained by the observation of the Subor- 
dination of Characters (Rule a), according to which, the 
higher the place of the division in the series, the more 
important is the collection of characters which serves to 
constitute it. If Rule 2 were duly observed, it would be 
impossible for any two widely dissimilar groups to be 
brought into juxtaposition in the lower divisions of the 
series. Thus, the ox and the frog, the primrose and the 
mushroom, would in any natural system be at consider- 
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able distances from each other. But it is not sufficient 
to observe the rule of the Subordination of Characters. 
The arrangement of the cognate groups in each division 
should be such that at the head of the series may come 
those groups which are most like the groups of the 
preceding division, while at the bottom of the series may 
come those groups which are most like the groups of 
the subsequent division. Thus, suppose that we have 
Orders A, B, C, of which B resembles A more than C 
docs, and that A is subdivided into the genera a' a" d" 
b' b" c; B into the genera wi' ot" « o f p" ; C into the 
genera x' jcf y, jf', y", s (of which the genera repre- 
sented by the earlier letters of the alphabet are more akin 
to each other than those represented by the later, and 
conversely); in our arrangement we ought to place c in 
juxtaposition with »i' m", and p' p" \n juxtaposition with 
j;* J^', the remaining groups being arranged, as above, 
on the same principle. If such an arrangement could 
be effected, it is plain that those groups which pre- 
sented in the greatest intensity the principal phenomena 
of the class of objects under investigation would come 
first in the series, and that those which presented them 
in the least intensity would come last. In Zoology, for 
instance, those groups would come first which presented 
in the greatest intensity the principal phenomena of 
animal life, and in Botany those which presented in the 
greatest intensity the principal phenomena of vegetable life. 
It is, of course, seldom, in the arrangement of natural 
objects, that we are able to draw up an exact table of 
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precedency amongst the groups of any division, but w© 
are often able to say that this or that group or collection 
of groups {a or a' a" a'") should rank first in the series, 
or that it should rank before some other group or collec- 
tion of groups. Thus, no 20ologist would hesitate to 
assign to man (the Order Bimana) the highest place in 
any classification of Mammalia, while he would place next 
the Order Quadrumana, and in this Order he would select 
apes, and, amongst apes, the anthropoid apes, to be 
brought into closest juxtaposition with man. 
I This rule is obviously of most difficult application. It 
! points out an ideal to be aimed at, but one which is never 
(likely to be perfectly realised. So many are the pro- 
I perties to be taken into consideration in every natural 
I object, that it is often impossible to say that this object 
jis, on the whole, more like another than that. The 
groups of the higher divisions may often, those of the 
lower may sometimes, be tabulated in some order of 
precedency ; but there remains a lai^e number of cases to 
which the rule is inapplicable, or to which, at least, it has 
not yet been successfully applied. This is especially the 
case in Botany, wTiere, though, in respect of complexity 
of structure and perfection of organism. Vascular plants 
may be ranked above Cellular, and Dicotyledons above 
Monocotyledons, there are many cases among the subdi- 
visions, especially of -Monocotyledons and Dicotyledons, 
where no order of precedency can as yet be satisfactorily 
established. But, even if the rule were of universal 
application, and if we were perfectly acquainted with all 
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the properties of bodies and their relative value, it would 
not follow that we could establish what Dr. Whewell, in 
his opposition to this doctrine of Classification by Series, 
calls ' a mere linear progression in nature.' There might 
still be many Orders, Genera, or Species, which, to use 
a familiar expression, we should be obliged to hracktt. 
' It would surely be possible,' says Mr. Mill'", ' to arrange 
all places (for example) in the order of their distance from 
the North Pole, though there would be not merely a 
plurality, but a whole circle of places at every single 
gradation in the scale.' 

Remark I. A natural classificatio n is supposed to be com- 
plete, when it has descended as low as species. — a species 
being regarded as a group consisting of individuals, all of 
which have descended from a common stock. Or, if the 
process be reversed, and the classification be an ascend- 
ing instead of a descending one, species are regarded as 
the starting-point of the naturalist, and it is supposed that 
the problem before him is to group them under higher 
divisions. But a species may, as we have seen, be divided 
into varieties, sub-varieties, &c. Now, in what consistsi 
the difference between the relation of a variety to a species! 
and the relation of a species to a genus ? To this ques-j 
tion a very large section of naturalists now maintain that 
no satisfactory answer can be given. If it be said that 
varieties of the same species may be developed in the 
course of time, but that species themselves must be 
»■ Bk. IV. eh. viii. % i. Note, 
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regarded as distinct, it may be asked on what grounds 
this supposition rests. Diiferent varieties of the same 
species are certainly more like each other than different 
species of the same genus, just as species of the same 
genus have more resemblance than genera of the same 
order, or members of any lower division than members of 
any higher division; but, given a larger amount of time, 
is there more difficulty in supposing a common stock for 
the different species of a genus than for the different 
varieties of a species? This is the question originated 
with so much ability by Mr. Darwin in his work on the 
Origin of Species. His own solution of the question b 
well known. ' It will be seen,' he says^, ' that I look at 
the term species, as one arbitrarily given for the sake of 
convenience to a set of individuals closely resembling 
each other, and that it does not essentially differ from the 
term variety , which is given to less distinct and more 
fluctuating forms. The term variety, again, in com- 
parison with mere individual differences, is also applied 
arbitrarily, and for mere convenience' sake.' It does not 
fall within my province to discuss the question of the 
' Origin of Species,' but it is desirable that the student 
should be aware that the practice of naturalists in stopping 
at species, as if they were the ' infimse species ' of the old 
logicians below which divisions need not proceed, is far 
from being universally accepted. 

Remark a. As our knowledge of the external wotid 

[becomes enlarged, the number of natural groups, recog- 

" Darwin's Origin o/SpecUs, ch. iu 
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iiised by the classificatory sciences, is being continu-j 
ally increased. Botanists and zoologists (especially the| 
former) are constantly discovering or recognising new 
varieties, frequently new species, and occasionally, even, 
new genera and orders. ' The known species of plants,' 
says Dr. Whewell ", ' were 10,000 at the time of Lin- 
nasus, and are now [a, d. 1858] probably 60,000.' The 
increase in the number of recognised varieties, sub- 
varieties, &c., is even still more rapid. One common 
effect of these constant discoveries and recognitions is 
to bridge over what previously appeared to be gaps in 
nature, thus illustrating the fact that there are but few! 
breaks in natural phenomena, that there pervades nature! 
a Law of Continuity, according to which a group seldom] 
occurs to which some other group may not be found! 
very closely allied. So complete, sometimes, is this con- 1 
tinuity, that it becomes very difficult to distinguish the 
groups by any fixed characters. Two species (say) are 
discriminated, and then a third group is found which 
partakes of the character of each of the others. This 
is constituted a new species, and then a fourth group is 
found intermediate between [his and the first, and so on. 
'It has been shown,' says Dr. Carpenter, as quoted by 
Sir W, Grove", 'that a very wide range of variation exists 
among Orbitolites, not merely as regards external form, 
but also as to plan of developement ; and not merely as 

" HUlwy o/Saeniific Idias, Bk. VIII. ch. li. S 6. 
" Etiay on Continuity, printed at the end of the Fifth Edition of 
Tit Correlation 0/ Physical Forces, pp. 3)6, 31;. 
. G 

D.-., jXiOOglc 



Sz PROCESSES SUBSWIARF TO INDUCTION. 

to the shape and aspect of the entiie organism, but also 
with respect to the size and configuration of its com- 
ponent parts. It would have been easy, by selecting 
only the most divergent types from amongst the whole 
series of specimens which I have examined, to prefer an 
apparently substantial claim on behalf of these to be 
accounted as so many distinct species. But after having 
classified the specimens which could be arranged around 
these types, a large proportion would yet have remaioed, 
either presenting characters intermediate l>etween those 
of two or more of them, or actually combining those 
characters in different parts of their fatvic ; thus showing 
that no lines of demarcation can be drawn across any 
part of the series that shall definitely separate it into any 
number of groups, each characterised by features entirely 
peculiar to itself.' We certainly find in nature a persis- 
tency of type, which is the result of the laws of hereditary 
transmission; if there were no such persistency, the 
attempt to group natural objects would be fruitless and 
absurd. But, at the same time, when we have succeeded 
in establishing groups, we constantly find that there are in- 
dividual members diverging more or less from the ordinary 
type, and forming intermediate links between proximate 
classes. To adopt and alter a metaphor employed by Dr. 
Whewell, natural classes may be regarded as the forests 
of neighbouring hills, the hills being seldom separated 
by well-defined valleys, and the valleys being frequently 
interspersed with straggling trees or clumps. 

Remark 3. It sometimes happens that one of the 
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characters by which claEses or groups are distinguished I 
from one other is to be found, not myariablj', but only; 
usually or occasionally in the members of the group. | 
Thus, in the description of the Order Rosacese, we find 
that ' the seeds are erect or inverted, ttsualfy exalbumin- 

OQS Flowers sometimes unisesual.' Such indefinite 

descriptions would be entirely out of place in an artific ial 
classification, but in a natural classification, where the J 
endre assemblage of the characters must be taken into I 
consideration, a character, though not found invariably, I 
or even though found but seldom, may stUl be valuable 
in distinguishing a group. 

Kemark 4, The most important characters are not I 
always those by which a group is most easily recognised. \ 
For the purpose of recognition, some estemal and pro- ; 
minent character or set of characters is generally best . 
adapted. Thus, if we wished to determine whether a- 
plant were monocotyledonous or dicotyledonous, our ■^■'■ 
easiest course would be to examine the stem ; if the stem 
were endogenous, we should know that the plant was 
a monocotyledon, if exogenous, that the plant was a 
dicotyledon. A single character is often sufficient toj 
determine the place of a plant or animal in a series,; 
because we already know that the possession of this' 
character is a sign of the possession of the various other 1 . 
characters which are enumerated in the description of the 1 
natural class. The method of determining, by means off 
one or a few characters, the place of a natural object in a! 
classification, is often called Diagnosis or Characteristick. . 
c 2 
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' The Characteristick,' says Dr. Whewell ", ' is an Arti- 
ficial Key to a Natural System. As being Artificial, it 
takes as few cliaracters as possible ; as being Natural, its 
characters are not selected by any general or prescribed 
rule, but follow the natural affinities.' 'The genera 
Lamium and Galeopsis (Dead Nettle and Hemp Nettle) 
are each formed into a separate group in virtue of their 
general resemblances and differences, and not because 
the former has one tooth on each side of the lower lip, 
and the latter a notch in its upper lip, though they are 
distinguished by these marks.' 



iVc/ff. — Dr. Whewell mountains that natural classes are 

Idetermined, not by iefinilim, that is, by an enumeration 
of characters, but by tyfx, that is, by resemblance, more 
.or less complete, to some one member of the class, round 
jwhich the others are grouped. Thus, according to this 
theory, the Class Mammalia would be determined, not by 
an enumeration of characters, but by resemblance, more 
or less complete, to some typical specimen, say Dog ; the 
genus Dog would be determined not by an enumeration 
of the characters which are common to the dog, wolf, and 
fos (the species comprised in the genua), but by approxi- 
mation to the type-species dog: similarly, the Order 
Rosaceje would be determined not by an enumeration of 
characters, common to a large number of genera, but by 
the resemblance, more or less complete, of these genera 

•• Hhlary ofSdnlific Ideas, Bk. VIII. ch. ii. { 7. 
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to the type-genns Rosa. Dr. Whewell's view will be un- 
derstood from the following estract : — 

' In a pJatural Group the class is steadily 

fixed, though not precisely limited; it is given, though 
not circumscribed; it is determined, not by a boundary 
line without, but by a central point within ; not by what 
it strictly excludes, but by what it eminently includes ; by 
an example, not by a precept; in short, instead of 
Definition we have a jype for our director. 

' ^ Type is an example of any class, for instance, al 
species of a genus, which is considered as eminently pos-| 
sessing the characters of the class. All the species which | 
have a greater affinity with this Type-species than with 
any others, form the genus, and arc ranged about it, 
deviating from it in various directions and different de- 
grees. Thus a genus may consist of several species, 
which approach very near the type, and of which the 
cl^m to a place with it is obvious; while there may be 
other species which straggle further from this central 
knot, and which yet are clearly more connected with it 
than with any other. And even if there should be some 
species of which the place is dubious, and which appear 
to be equally bound by two generic types, it is easily seen 
fliat this would not destroy the reality of the generic 
groups, any more than the scattered trees of the inter- 
vening plain prevent our speaking inteUigibly of the 
distinct forests of two separate hills. 

'The Type-speciea of every genus, the Type-genusI 
of every &mily, is, then, one which possesses alt the) 
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1 characters ^id properties of the genus in a marked and 
prominent manner. The Type of the Rose fsmilr has 
alternate stipulate leaves, wants the albumen, has the 
ovules not erect, has the stigmata simple, and besides 
these features, Tfbich distinguish it from the exceptions 
or varieties of its class, it has the features which make it 
prominent in its class. It is one of those which possess 
cle^ly several leading attributes ; and thus, though we 
cannot say of any one genua that it mutt be Uie Type of 
the family, or of any one species that it mut/ be the Type 
of the genus, we are still not wholly to seek : the Type 
roust be connected by many affinities with most of the 
others of its group ; it must be near the centre of the 
crowd, and not one of the stragglers".' 

There is much force in what Dr. Whewell here says, 
but his main position aj^ears to me to be incorrect 
I May not the various steps in the process of Classification 
\be described as follows? We, first, observe a general 
Iresemblance amongst a variety of groups. Prompted by 
the observation of this resemblance) we deteimine to con- 
stitute the groups into a distinct class. But it is not 

" Bfitary^ Stieinifii Idtai, Bk. VIII. ch. jl. { 3, in. 10. Mr. Mill 

(Lope, Sc!^. ch. vii. {$ 3, 4) eMoiinei Dr. Whewdl'i viewi at eon- 
[iderabte length. He appears to me, in thii examination, to intiit 100 
emphaticaltf on what he caJli ' diitinctjons of kind,' and to isteit, 
without lufficient warrant, that 'the ipeciet of Planti are not only real 
kindi, bnt are probably, all of them, real loweit kinds, InGmse Speciei, 
which if we were to subdivide into sut^clauei, the nibdiviiion would 
oecettarily be founded on difimti distinctions, not pointing (apart from 
what may be known of theii cautes ot eSecu) to any difference beyond 
themulves,' 
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tofficient simply to enumerate the groups which the class', 
cont^s; it is incumbeot upon us to state the principle j 
on which the classification is made. This statement] 
consists in an enumeration of those characters which are 
common to all the members of the newly-constituted 
class, and which, at the same time, distinguish them from 
the members of other classes, with the addition, in some 
cases, of cert^n characters which belong to most, or 
even to a few only, of the members of the class. Thns, 
the class is determimd (or 'given' to use Dr. Whewell's 
expression) by an enumeration of characters. But, when 
the ciass is once familiar to us, the repetition of the class- 
name suggests, not the characters, but some typical 
specimen of the class, some one group which stands out 
prominently as possessing the characters by which the 
. class was determined ; and it is by reference to this central 
specimen, as it were, that we fix the position of the other 
groups and adjudicate on the claims of any newly-dis- 
covered group to take its place by the side of the others. 
Thus, the type-species, type-genus, or t3rpical order, may 
be of the greatest service as a convenient embodiment of 
the characters, but the characters must be enumerated, 
and the dass determined, before we can select our typical 
example. 

(a) Of Nomenclature. -^'A>.aiy, 

Nomenclature is intimately connected with Classifica - 
tion. _The groups, whether natural or artificial, into which 
objects are distributed, could neither be recollected by 
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ourselves nor communicated to others, unless they were 
fixed by the imposition of names. A Nomenclature is 
a collection of such names., applied to the members of 
the various divisions and subdivisions which constitute 
a classification. The number of natural groups, however, 
is so enonnously large, that it would be next to im- 
possible to devise, and, if possible to devise, it would 
be impossible to remember, distinct names for each 
group. Thus, the known species of plants, for instance, 
amount to upwards of 60,000, and, if we took into 
account varieties, sub-varieties, &c., the number of groups 
would be represenled by many multiples of this sum. 
Some artifice, therefore, is necessary by which a com- 
paratively sm all number "f nfiTUPS may be made t 



tinguish a large number of grqujis. Botany and Chemistjj^ 
furnish admirable examples of the employment of such 
an artifice, and some knowledge of the principles which 
guide the imposition of names in those two sciences 
{a knowledge which may be easily acquired) would 
probably be of more service to the student than anything 
which he might learn from a body of rules for Nomen- 
clature in general. 

In Botany, the higher^roups (including genera) have digr. 
tinct names. Thus, we have Dicolyledones, Rosaceee, Rosa, 
l&c. But, when we arrive at the species, these are known 
by the [;;eneric name with the addition of some distinctive 
[attribute. Thus, the genus Geranium is represented in 
the British Isles by thirteen species, called respectively 
Geranium phjeum, G, nodosum, G.sylvaticum, G. pratense, 
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G. sanguinenm, G. pyrenaicum, G. pusillum, G. dis- 
sectum, G. coiumbinum, G. rotundi folium, G. moUe, G. 
lucidum, G, robertianum. The specific names are se- 
lected from various considerations; sometimes in honour 
of an individual, fas Equisetum Mackaii, Rosa Wilsoni), 
sometimes from the countrr or the district in which the 
plant abounds, sometimes from the soil w hich is most 
favourable to it, sometimes from some pecm j ^ty in the 
plant itself. So arbitrary and fenciful sometimes are these 
names, that Linnaeus (as we are told by Dr. Whewell ") 
' gave the name of Bauhinia to a plant with leaves in 
pairs, because the Bauhins were a pair of brothers, that 
of Banisteria to a climbing plant, in honour of Banister, 
who travelled among mountains.' It is plain that a namei 
which describes some peculiarity 'vr \ |;hp p1a^j^{ jlf"*!^ is \ 
of most service to the learner; but any name, easily re- ' 
membered, serves the main purpose of a nomenclature, I 
which is to distinguish one group from another. Varieties, [ 
sub-varieties, &c., are distinguished from each other on 
the same principle as species. Thus, as we have seen, 
of the species Anthyllis Vulneraria there is a variety 
Dillenii, and of the variety Anthyllis Vulneraria Dillenii 
there is a ' race ' Floribus coccineis, and of the race there 
is a 'variation' Foliis hirsutissimis. The nomenclature 
of Zoology is now generally constructed on the same 
principle as that of Botany. In some systems o f Min er- 
alogy, three names are employed, namely, those of the 

" Hhtar/ i^ Scientific Ideas, Bk. VIII. ch. ii. % 6. 
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( Orde r, Genus, and Species, as for instance, Rhombohe- 
dral Calc Haloide. 

The nomenclature of Chemistry, or, at least, of In- 
OTganic Chemistrj, which, in some respects, furnishes 
an interesting example of a scientific nomenclature, is 
constructed on the principle of making the prefixes and 
affixes of the words employed significant of the nature 
of the substances for which they stand. Thus, we 
have the af&xes tde, ic, ous, ale, He, &c, and the pre- 
fixes mono, di, iri, stsqui, &c^ each having a special 
significance, though, unfortunately, not always an un- 
ambiguous one. 

It would transcend the limits of this work to give an 
account, sufficiently clear and precise, of the Nomenclature 
of Inorganic Chemistry (which, moreover, is at present 
in a transitional state), but the student, who is anxious 
to gain some idea of the principles on which it is con- 
structed, can refer to Watts' Dictionary of Chemistry, 
vol. iv. art Nomenclature. 

(3) Of Terminologt. 
A Nomenclature of a Science is, as we have seen, 
ta collection of mimes of groups, A Terminology is a 
collection of the names (or terms) which distinguish either 
the properties, or the parts o f the individual objects which 
the science recognises. Thus, when we speak of the 
genus ' Rosa,' we are employing the nomenclature of 
Botany ; but, when we say that the individuals of the 
genus 'Rosa' have 'their corolla imbricated before fiower- 
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in;, their styles with lateral insertion, their carpds nu- 
merous,' &c., we are employing not the nomenclature, 
but ttie terminology, of the science. In botany we have \ 
an almost perfect example of a complete and jadicionsly | 
constnicted terminology. 

' The formation of an exact and extenave descriptive , 
language for botany,' says Dr. Whewell '*, ' has been 
executed with a degree of skill and felicity, which, before 
it was attained, could hardly have been dreamt of as 
attainable. Every psul of a plant has been named; and 
the form of every part, even the most minute, has had \ 
a large assemblage of descriptive terms appropriated to it, , 
by means of which the botanist can convey and receive ' 
knowledge of form and structure, as exactly as if each I 
minute part were presented to him vastly magnified. This ' 
acquisition was part of the Linnsean Ref o rm . " Tourne- 
fort." says Decandolle, "appears to have bieen the first 
who really perceived the utility of fixing the sense of terms 
in such a way as always to employ the game word in the 
same sense, and always to express the same idea iDy the 
same wordj but it was Linnaeus w ho really created and 
fixed this botanical language, and this is his &irest claim 
to glory, for by this fixation of langu^e he has shed 
clearness and precision over all parts of the science." 

' It is not necessary here to give any detailed account 

of the terms of botany. The fundamental ones have 

been gradually introduced, as the parts of plants were 

more carefully and minutely examined. Thus the Hower 

»■ 2f(.«7J0/&iCTrirf«/dMs, Bfc.Vlll. eh.iL}i. 
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was successively distinguished into the calyx, the coroUa. 
the slamens, and the fiiilih : the sections of the corolla 
were termed fe/als by Columna; those of the calyx were 
called se fiah by Necker. Sometimes terms of greater 
generality were devised; as perianl^ to include the calyx 
and corolla, whether one or both of these were present ; 
pericarp for the part inclosing the grain, of whatever kind 
it be, fruit, nut, pod, &c. And it may easily be imagined 
that descriptive terms may, by definition and combination, 
become very numerous and distinct. Thus leaves may 
be called pinnafifid, pinnatipariiii, pinnalisecl, pimtatilobaie, 
paJmaiifid, palmaiipariiie, &c., and each of these words 
designates differe nt combinations of the modes and ex tent 
of the divisions of the leaf with the divisions of its_outline^ 

(In some cases arbitrary numerical relations a re introduced 
into the definition ; thus a leaf is called bilobak. when it 
is divided into two parts by a notch ; but, if the notch 
go to the middle of its length, it is bifid : if it go near the 
base of the leaf, it is hipariite; if to the base, it is bisect. 
Thus, too, a pod of a cruciferous plant is a siliiiua if it be 
four times as long as it is broad, but if it be shorter than 
this it is a silicula. Such terms being established, the 
form of the very complex leaf or frond of a fern is exactly 
conveyed by the following phrase : " fronds rigid pinnate, 
pinnae recurved subunilateral pinnatifid, the segments 
■ linear undivided or bifid spinuloso-serrate." ' 
I A Terminology, I have said, comprises the terms 
' appropriated to express, not only the parts of objects, but 
f also their properties . Thus, in the foregoing example. 
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the words ' sepals. ' ' petals. ' &c., express part». of the 
plant, the words ' pinnatifid. ' 'bilobjJ|^' ftc.r which tre 
applied to the shape of the leaVes, express ch aracter; or 
properties . A complete termiiblogy must he so con-l 
stnicted as to express every sh^de of differ«ice in ailj 
those properties which are retktgnised in r sctentificl 
treatment of the object. Thus, af colour be regarded as| 
of importance in the description pf a plant, mineral, &c., 
it is essential that there shall be Bome appropriate term 
by which to describe every shade nT colour. Bui there are 
few terms which, from their mera sijtnificstion, can call 
up any precise idea in the mind. Hence k is necessary 
to fix by convention the precise meaning of every tech- 
nical term employed in science. Again, lo appropriate 
the words of Dr. Whewell, ' The yeaning of technical 



terms c an be fixed in the first instance ony, by i;onv( 
tion^ and can be made intelligible oply by presenting to 
the senses that which the terms a^ to signify. The 
knowledge of a colour by its name tan ot^y be taught 
through the eye. No description can'.convey to a hearer 
what we mean by apple-green or Fren'ih gr^ It might, 
perhaps, be supposed that, in the first fcxample, the term 
appk, referring to SO familiar an ^bject, sofficiently 
suggests the colour intended. But it r^y easily be seen 
that this is not true ; for apples are of many different 
hues of green, and it is only by a conventional selection 
that we can appropriate the term to one special shade. 
When this appropriation is once made, the term refers 
to the sensation, and not to the parts of this term; for 
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these entar into the compound merely as a help to the 
memoi7, i4iethet tite suggestion be a natural connexion 
as in " tr'pte-grteB,'' or a casual one as in "French 
grey." lu order to derive due advantage from technical 
tenns of this kind, they must be associated imnudialely 
with the pbrc^tioa to which they belong ; and not con- 
nected with U through the vague usages of common 
language. The memory must retain the sensation ; and 
the tedmical word must be understood as directly as the 
most familiar word, and more distinctly. When we find 
such terms m tin-whiie or pinckbick-hrown, the metallic 
colour to denoted ought to start up in our memory with- 
|out delay or search '^' When we have fixed, by contention, 
the meaning 'of a term, it must invariably be employed 
iin this sens6, and in no other. The least vagueness 
or inconsimncy in the use of terms may interpose a 
fatal obstack in die way, not only of the learners, but 
even of the i-romoters of a science. The progress of the 
Mechanical jdeaces and of what are commonly called 
Physics was long retarded by the vague and unintelligent 
use c^ sucb~«ordi as 'heavy,' 'light,' 'hot,' 'cold,' 'moist,' 
'dry,' ftc. Even still such words as 'force,' 'fluid,' 
' attractioa,' 'etber,' &c., are often employed without 
Eofficitiit precision. 

A Terminology, as remarked by Dr. Whewell", is in- 
dispensably requisite in giving fixity to a Nomenclature. 
Thas, in Botany, 'the recognition of the tiQilg.of plants 

» History o/ScUMifie Idtai, Bk.VIII. cb. h. \ %. 

" Novum Orgamn tttnovatum, Bk. IV. Aphoriim a. 
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must depend upon the exact comparison of their rer 
semblapces and differences ; and to become a part of 
permanent science, this comparison most be recorded 

Dr. Whewell devotes the last Boot of his Novum > 
OrganoH Retumalum to a series of aphorisms on the ' 
' Language of Science,' including both Nomenclature and 
Terminology. These aphorisms afford one of the best . 
examples of Dr. Whewell's style and mode of treatment, 
and will well repay the attention of the student who is 
desirous of acquainting himself further with the methods 
of the Classificatory Sciences. Mr. Mill has some chapters ' 
{Logic, Bk. IV. ch. iii-vi) on 'Naming' and the 'Requi-I 
sites of a Philosophical Language,' uid, in addition to| 
the passage already referred to, Dr. Whewell treats these 
subjects in his History 0/ Scientific Ideas, Bk. L ch. ii ; 
Bk. Vm. ch. iL §§. a and 6; Bk. VUI. ch. iii. art. 5. 
In Mr. Bdn's Inducttoe Logic, there is a special chapter 
(Bk. IV. ch. iii) on Classification, and another (Bk. V. 
ch. vj) on the Sciences of Classification. 

§ 3. On Hypolheiii, 
When the mind has before it a Tiijmhpr of p^jj^^^rwi 
f^(ft3 , it is almost irresistibly driven to frame for itsdi 
some theory as to the mode of their co-existenct 
S mfcession. It is &om this irresistible impulse to refer tO] 
some law the various phenomena around us that all 
science as well as all scientific error has sprui^. In some 
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cases, as we have seen in the first chapter", a single 
observation or experiment may at once establish a true 
theory or valid induction, independently of any previous 
suppositions on our part. But, in all the more intricate 
branches of enquiry, true theories have usually been 
preceded by a number of false ones, and it has not 
unfrequently occurred that the false theories have been 
mainly instrumental In conducting to the true. Thus, 
the ell ipticaJ theory of planetary motion was preceded by 
the circular theory, with its various modifications, and 
the undulatory theory of light by the emission^ theory. 
Rather than rest satisfied with a number of disconnected 
facts, men have often imagined the most absurd relations 
between phenomena, such as that a comet was the har- 
binger of war, or that the future could be foretold by 
I birds. These theories, assumptions, or suppoations, 
; when employed provisionally in scientific enquiry, and 
j falling short of ascertained truths, are called hypolheses, 
and have already been alluded to in the first chapter. 
The word ' hypothesis.' as commonly employed, is ex- 
clusive of propositions which rest upon absolute proof, 
whether inductive' or deductive, and is generally used 
[in contradistinction to them. Thus, we speak of_a. 
lscieace_.beipg_.Only-. in- a hypothe tical staged or of _a_ 
[hypothesis^ being converted in to a n inju ctia ii or b eing 
Ibrought deductive ly under some general law already 
^ascertained to be true. On the other hand, we should 
hardly dignify with the name of ' hypothesis ' a supposition 

D...,n;M;,G00glc 
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which, at least in the eyes of its framer, did not possess 
some amount of plausibility. A hypothesis" may be de- 
scribed 3S a. supposition made ^ ^ithout a v ide n saor without 
sufficient evidence, in order that we may deduce from it 
conclusions agreeing with actual facts. If these conclu- 
sions are correctly deduced, and really agree with the fects, 
a presumption arises that the hypothesis is true. More- 
over, if the hypothesis relates to the cause, or mode o f 
production of a phenomenon, it will serve. If admitted, 
to explEun such facts as are found capable of being de- 
duced from it. And this explanation is the purpose of 
many,, if not most, hypotheses, f itplanatio |] . in the* 
scientific sense, means the reduction of a series of facts |i 
which occur uniformly but are not connected by any P 
known law of causaUon into a series which is so con- ; I 
nected, or the reduction of complex laws of causation \ 
into simpler laws. If no such laws of causation are f 
known to exist, we may suppose or imagine a law that 
would fulfil the requirement ; and this supposed law would 
be a hypothesis. 

A hypothesis may be serviceable in many ways. In 
the first place. It may afford a solution, more or less 
probable, of a problem which is incapable of any definite 
gnlution. or which, at least, has not vet been definitely 
Holved. Thus, many of the advocates of the Darwinian 
hypothesis maintain that it is the most probable solution 
of an insoluble problem. Secondly, what was at fi rst 

** The following iciitencei, to the end of the piragrapii, are (lightly 
altered (tma Mr. Mill's Logic, Bk. 1I[. ch. xir. % 4, 
H 
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, started as a hypothesis may ultimately be established by 
positive proof, as has been the case with the elliptical . 
/ theory of planetary motion, and, as many suppose, with 

. the undulatory theory of light. Thirdly, even thoug h 
a hypothesis may ultimately be discovered to be false, it 
may be of great service in pointing the way to a truer 
theory. Thus, as already remarked, the circular theory 
of planetary motion, and the supplementary theory of 
epicycles and eccentrics, undoubtedly contributed to the 
formation of the hypothesis which was eventually proved 
to be true. Kepler himself tried no less than nineteen 
different hypotheses, before he hit upon the right one, and 
his ultimate success was doubtless in no slight degree 
due to his unsuccessfiil efforts. There is hardly any 
branch of science in which it might not be affirmed 
that, without a number of false guesses, true theories 
could never have been attained. Lastly, a hypothesis, 
whether true or false, if it be applicable to all the 
Icnown facts, serves as a means of binding those facts 
together, of colligating them, to use a technical phrase, 
and thus, by presenting them under oue point of 
view, plainly marks off the phenomena to be explained. 
A theory, hke the Phlogistic theory in Chemistry, or 
the theory of epicycles and eccentrics (which, by being 
sufficiently extended, might have been made to include 
all the phenomena of planetary motion), may thus have 
been of the greatest service in the history of science, 
simply by keeping before the minds of investigators the 
precise phenomena which demanded an explanation. 
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The formation of hypotheses is obvious!}- the work of 
the i maginative faculty, a faculty of hardly less importance , -^ 
in science than in art. To lay down rules for the ex- ' 
ercise of this faculty has hitherto been found futile. The 
object of Inductive Logic is rather to restrain the ex- ' 
uberant, than to excite the sluggish, imagination. The 
latter office is best fulfilled by recounting the great 
achievements of science, and thus arousing the ambition 
and kindling the enthusiasm of her votaries. The former 
(which is no less necessary) may be promoted by de- 
termining the conditions to which a hypothesis must 
conform, in order that it may rank as a prnv|f!inp^l 
esplanation of facts, and before it is entitled to demand 
the honours of a rigorous inductive examination. These 
conditions may be reduced to three : — 

I. The hypothesis must not be known or suspected to 
be untrue, that is to say, it mnst not be mconsistent with 
facts already ascertained or the inferences to which they 
lead" . It would be absurd, for instance, in the present<f^ '| 
stEUe of knowledge, to propose design or compact as - '» 
the cause of the divergences which are found in the 
various dialects of a language, or to suppose the heavenly 
bodies to move in perfect circles. So simple a rule as 
this may appear to be superfluous, but it seems necessary 
" The expUnalion of Ibii mle, conuined in the latter cbose of the 
MDteDce, has been laggeited by Mr. Jevoos' chapter on the Use of 
HrpotboU, > chapter which ni>y be read with advaouge by the itudtnt 
His second coodition of a legitimate hypotbesis, wbicb corresponds with 
tn; first, it txpieised thus: 'That it do not conflict with any laws of nature, 
or ofauod, which we bold as true.' Prineiplis iif Scima,io\.a.f'il^ 
H 2 
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to include it in the conditions to which a hypothesis must 
conform, as, otherwise, a perverted ingenuity might suc- 
ceed in framing numberless hypotheses which violated 
none of the preliminary conditions. 
f II. The hypothesis must be of such a character as 
■ ho admit of verification or disproof, or at least of being 
^■^ Jrendered more or less probable, by subsequent investiga- 
Itions". Unless this restriction were jJaced on the for- 
mation of hypotheses, there would be no limit to the 
ivildness of conjecture in which theorists might indulge. 
It might, for instance, be maint^ned that falling bodies 
are dri^ged to the earth by the action of invisible spirits, 
and, wild as such a theory would be, there is nothing 
positively to disprove it. Granted that, like many other 
products of imagination, such a theory might possibly 
be true, it would still fall without the scope of science. 

IThe aim of science^ is .^o^ present or prospective, and 
consequently what neither admits of proof, nor, so far as 
we can foresee, is ever likely to admit of it, or even ap- 
(proximate to it, is no fitting object of scientific enquiry. 
1 As affording a caution against the unrestrained exercise 
of the imagination in scientific speculation, it may be 

" II miy oteut lo the iludent thit I have not provided fot tbe cise 
^wbecc a suf^osilion ii already inpported by a certain amount oC probable 
-evidence, bul wbetc it is not likely to be rendered more ot lets probable 
bf fiiiilhei uireitigatkin. But luch a siq)position, tbougb it would be an 

I imperfect Induction or deduction, could tiaidly be called > hypothesis, a 
term which leenu alwiyi to imply Eoniethiug ptovisianal, soniethiog 
wMch, on ftirlhet enquiry, may be either confirmed or weakened, rendered 
moie or less probable than it now is. 
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useful to adduce a few instances of suppositions or 
hypotheses, which were probably considered as perfectly 
satisfactory by those who proposed them or amongst 
whom they were prevalent, which would now be regarded 
by alt competent authorities as absurd, and which still do 
not admit of being distinctly disproved. 

It was once veiy generally held that the positiot| 
of the planets with reference to the earth at any parJ 
ticular moment determines not only the course of humarJj 
events at that time, but the subsequent life of eacln 
person born under the ' conjuncture.' Such an absurdl 
theory is now probably held by no single person of sound 
understanding; but, so complicated is the web both of 
society and of individual life, and so easy would it I>e 
to explain ' apparent exceptions ' by having recourse to 
•counteracting causes,' that, if any ingenious person werel 
to maintain and defend this theory, it would probably 
be impossible to disprove iL Palm istix affords another | 
instance of the same kind. The interlacing of the lines 
on the palms of the hands is said to indicate a man's 
' fortunes.' Such a nodon is too absurd to be discussed ; 
but, if maintained, how could it be disproved ? It might 
always be said that the general theory of palmistry was 
true, though there might be some error in the particular 
rules by which the 'fortune' in question was foretold". 

" The luperslilioni tonnceted with dreamt afford a similar instance i 
■ The incienls were coiiTinced that dreamt were niuallj supernitutal. 
If the dream was unified, this was plainly a prophecy. If the event was 
the exact opposite of what the dieam foreshadowed, the latter was still 
Hipeniitvral, Ibi it wij i cecognised principle thkl dreamt should some- 

: , ., ;XiOOgic 
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The early history of Geology is full of hypotheses of 
this kind. The following examples of theories, which 
no scientific man would now entertain, but which hardly 
admit of disproof, are extracted from Lyell'* PrincipUt 
of Geology*" : — 

'Aadrea Mattioli, an eminent botanist, the illustrator of 
Dioscorides, embraced the notion of Agricola, a skilful German 

I miner, that a certain "materia pinguis," or "fatty matter," 
set into fermentation by heat, gave birth to fossil organic 
shapes. Yet Mattioli had come to the conclusion, from his 
own observations, that porous bodies, such as bones and shells, 
might be converted into stone, as being permeable to what 
he termed the " lapidifying juice." In like manner, Falloppio 
of Padua conceived that petrified shells were generated by 
fermentation in the spots where they are found, or that they 
had in some cases acquired their form from "the tumultuous 
movements of terrestrial exhalations." Although celebrated 
as a professor of anatomy, he taught that certain tusks of 
elephants, dug up in his time in Apulia, were mere earthy 
concretions; and, consistently with these principles, he even 
went so far as to consider it probable, that the vases of Monte 
Testaceo at Rome were natural impressions stamped in the 
soil. In the same spirit, Mercati, who published, In 1574, 

times be interpreted by coDtrariet. If the dream bore no relation to 
subiequert events nnlesi it were traniformed into a fantastic illegory, 
it WIS ilill lupematutal, for allegory wai one of the moil ordinary forms 
of revelation. If no ingenuity of inlerprelalion could find a prophetic 
meaning in a dream, i(s tupernalural character was even then not neces- 
sarily destroyed, for Homer said there was a special portal through which 
deceptive visions passed into the mind, and the Fathers declared that it 
WIS one of the occupations of ibe dxmons to perplex and bewilder us 
with unmeaning dreams.' — Lecky'i Hislory of Earoptan Moraii, vol. i. 
p. 385- 

« Lyell's Principlts of Otology, ch. iii, 

D,gn;:d;, Google 



nypoTHESis. 103 

&itbfal iigures of the fossil shells preserved by Pope Sixtus V. 
in the Museum of the Vatican, espressed an opinion that they 
were mere stones, which had assumed their peculiar con- 
figura.tion from the influence of the heavenly bodies: and 
Olivi of Cremona, who described the fossil remains of a rich 
museum at Verona, was satisfied with considering them as 
mere "sports of nature," Some of the fanciful notions of 
those times were deemed less unreasonable, as being some- 
what in harmony with the Aristotelian theory of spontaneous 
generation, then taught in all the schools. For men who had 
been taught In early youth, that a large proportion of living 
animals and plants was formed &am the fortuitous concourse 
of atoms, or had sprung from the corruption of organic matter, 
might easily persuade themselves, that organic shapes, often 
imperfectly preserved in the interior of solid rocks, owed their 
existence to causes equally obscure and mysterious.' 

' As to the nature of petrified shells, Quirini conceived that 
as earthy particles united in the sea to form the shells of mol- 
lusca, the same crystallizing process might be effected on the 
land ; and that, in the latter case, the germs of the animals 
might have been disseminated through the substance of the 
rocks, and afterwards developed by virtue of humidity. 
Visionary as was this doctrine, it gained many proselytes even 
amongst the more sober reasoners of Italy and Germany ; for 
it conceded that the position of fossil bodies could not be 
accounted for by the diluvial theory.' 

It has been maintained by theologians, more ardent 
than discreet, that all fossils were the creations of the< 
Devil, whose object was either to mimic the Almighty 
or to tempt mankind to disbelieve the Mosaic account 
of the creation. Such theo ries admit of no refutation ; 
every argument, grounded on the resemblance of fossil 
remains to living organisms, shows only more distinclly. 
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to those who have once embraced the idea, the success 
of ihe alleged agent as a mimic or as an impostor. 

Other instances of hypotheses which violate this rule are 
afforded by the Vojtifes of Descartes and the . Crystalli ne 
Spheres of the ancient astronomers, both of which were 
imagined for the purpose of accounting for the pheno- 
mena of planetary motion. Both of these hypotheses 
have heen subsequently disproved by the free passage of 
comets through the spaces supposed to be occupied, 
according to the one theory, by the Vortices, according 
to the other, by the solid Crystalline Spheres. But at 
the time they were first started, there was no reasonable 
ground for supposing that, if untrue, they could be dis- 
proved, and, what is more important, there was no 
possibility of proving them or even rendering them 
more probable ; they were simply freaks of imagination, 
incapable of proof and, to all appearance, of disproof. 
Another theory more absurd even than that of the solid 
crystalline spheres, but which has not, like that, been 
positively disproved, is the curious hypothesis by which 
Lodovico delle Colombe endeavoured to reconcile the 
Aristotelian doctrine that the moon was a perfect body 
with the recent discoveries of Galileo, who, by the aid 
of his telescope, had found that its surface was full of 
hollows, and was consequently charged by his enemies 
with taking a fiendish delight in distorting the fairest 
works of nature; the apparently hollow parts, suggested 
Lodovico, were filled with a pure transparent crystal, and 
so both the astronomer and the Stagirite were right. 
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It will be observed that I regard hypotheses as 
missible, even though they are not likely ever to" 
p ygitively proved or disproved, provided that the accumu- 
lation of further evidenc e is likely to render them more 
or less probable . Between such theories and the theories 
just exemplified, which are neither supported nor likelyl 
to be supported by any evidence whatever, there is thei 
widest difference, and, while the one have no place in 
Science, the other, I conceive, have a legitimate claim 
to further consideration. The ideal of Science, it is true, 
is proof; but, while it can never recognise mere freaks 
of fancy, it is often compelled to rest content with pro- 
babilities. Instances of hypotheses such as I have 
in view are the Darwinian hypothesis and tlie Meteoric 
theory of the repwr of Solar Heat, to be noticed pre- 
sently. 

III. The hypothesis must be applicable to the descrip- 
tion or explanation of all the observed phenomena^ and, 
if it assign a cause, must assign a cause fully adequate 
to have produced them. A hypothesis, which does not 
satisfy this requirement, may be at once rejected. Thus, 
when the drcular theory of planetary motion was found 
inapplicable to describe several of the phenomena, it 
was rightly abandoned, and the theory of egicycles and_ 
eccentrics, which, though erroneous, was fully adequate 
to explain all the known phenomena, was substituted for 
it. One of the most familiar instances of an inadequate 
hypoihem is the theory started by Voltaire, there is little 
doubt in irony, that the marine shells found on the tops 

Dr., ;.LiOOglc 
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of mountains are Eastern species, dropped from the hats 
T of pilgrims, as they returned from the Holy Land. Such 
i a theory would obviously be inadequate to account (i) for 
, the numbers of the shells, (2) for the fact that ihey are 
■ found imbedded in the rochs, (3) for their existence far 
' away from the tracks of pilgrims, to say nothing of the 
■fact that many of these shells bear no "resemblance to 
j recent Eastern species, while none resemble them exactly. 
I The contrast between an gdequatt and an ff^^jgu^tf 
hypothesis is well illustrated by two of the rival hypo- 
theses by which it is attempted to account for th^_generaT_ 
jtion and the maintenance of solaj heat These are 
respectively the Mgteoric Th eory and the The ory of. 
Cherairal Combustion, In speaking of the former theory, 
Professor Tyndall says"; — 
-, J ; 'I have already alluded to another theory, which, however 
bold It may at first sight appear, deserves our serious atten- 
tion—the JV [gteor ic Theory of _the Sun. Kepler's celebrated 
statement that " there are more comets in the heavens than 
fish in the ocean," implies that a small portion only of the 
total number of comets belonging to our system are seen 
from the earth. But besides comets, and planets, and moons, 
a numerous class of bodies belong to our system which, from 
their smallness, might be regarded as cosmical atoms. Like 
the planets and the comets, these smaller asteroids obey the 
law of gravity, and revolve in elliptic orbits round the sun. 
It is they which, when they come within the earth's atmo- 
sphere, and are fired by friction, appear to us as meteors and 
falling stars, 
' On a bright night, twenty minutes rarely pass at any part 

■■ Heal a Mod* of Motion, i\ 6S9-693. 
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of the earth's surface, without the appearance of at least one 
meteor. Twice a year (on the lath of August and 14th of 
November) they appear in enormous numbers. During nine 
hours in Boston, when they were described as falling as thick 
as snowfiakes, 140,000 meteors were observed. The number 
falling in a year might, perhaps, be estimated at hundreds or 
thousands of millious, and even these would constitute but 
a small portion of the total crowd of asteroids that circulate 
round the sun. From the phenomena of light and heat, and 
by direct observation on Encke's comet ' (the inference from 
which ' observation,' however, it may be remarked, is very 
doubtful), ' we learn that the universe is filled by a resisting! 
medium, through the friction of which all the masses of our I 
system are drawn gradually towards the sun. And though the | 
larger planets show, in historic times, no diminution of their 
periods of revolution, it may be otherwise with the smaller 
bodies. In the time required for the mean distance of the 
earth to alter a single yard, a small asteroid may have ap- 
proached thousands of miles nearer to the sun, 

' Following up these reflexions, we should be led to the 
conclusion that while an immeasurable stream of ponderable 
meteoric matter moves unceasingly towards the sun, it must 
augment in density as it approaches its centre 0/ convergence. 
And here the conjecture naturally rises, whether that vast 1 
nebulous mass, the Zodiacal Light, which embraces the sun, ! 
may not be a crowd of meteors. It is at least proved that ' 
this luminous phenomenon arises from matter which circulates 
in obedience to planetary laws; hence, the entire mass of the 
zodiacal light must be constantly approaching, and incessantly 
raining its substance down upon the sun. 

* It is easy to calculate both the maximum and the minimumi 
velocity, imparted by the sun's attraction to an asteroid circu- ' 
lating round him. The maximum is generated when the body 
approaches the sun from an inlinite distance; the entire pull 
of the sun being then exerted upon it. The minimum is that 
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I velocity which would barely enable the body to revolve round 
the sun close to his surface. The final velocity of the former, 
just before striking the sun, would be jgo miles a second, that 
of the latter 276 miles a second. The asteroid, on striking 
the sun, with the fwiner velocity, would develope more than 
gooo times the heat generated by the combustion of an equal 
asteroid of solid coal ; while the shock, in the latter case, 
would generate heat equal to that of the combustion of up- 
wards of 4000 such asteroids. It matters notj therefore, 
whether the substances falling into the sun be combustible or 
not; their being combustible would not add sensibly to the 

^tremendous heat produced by their mechanical collision. 

' Here, then, we have an agency competent to restore his 
lost energy to the sun, and to maintain a temperature at his 
surface which transcends all terrestrial combustion. In the 
fall of asteroids we find the means of producing the solar light 

land heaL It may be contended that this showering down of 
matter necessitates the growth of the sun ; it does so ; but 
the quantity necessary to maintain the observed calorific 
n for 4000 years, would defeat the scrutiny of our best 
If the earth struck the sun, it would utterly 
vanish from perception ; but the heat developed by its shock 
would cover the expenditure of a century.' 

Of tlie other theory, Professor Tyndall says*' ; — 

' 'Sir William Thomson adduces the following forcible 
considerations to show the inadequacy of chemical conir. 
hi nation to produce the sun's heat. "Let us consider," he 
says, "how much chemical action would be required to 
produce the same effects. . . . Taking the former estimate, 
17S1 thermal units" centigrade (each 1390 foot pounds) 

" Htal a Modi of Motion, § 700. 

" The Ihirmat anil 11 the qnanlily of he»t necesiiry to raiie the 
temperature of a pouad of water one degree. If th« degree be centi- 
grade, this ii equlrilent to the heat generated by a pound weight falling 
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or ;,869,ooo foot pounds, which is equivalent to 7000 horse- 
power, as the rate per second of emission of energy from 
every square foot of the sun's surface, we find that more 
than 0.43 of a pound of coal per second,. 1500 lbs. per hour, 
would be required to produce heat at the same rate. Now 
if all the fires of the whole Baltic fleet (this was written in 
1854) were heaped up and kept in full combustion over one 
or two square yards of surface, and if the surface of a globe 
all round had every square yard so occupied, where could 
a sufficient supply of air come from to sustain the com- 
bustion? Yet such is the condition we must suppose the 
sun to be in, according to the hypothesis now under con- 
sideration. ... If the products of combustion were Raseous. 
they would, in rising, check the necessary supplies of fresh 
air ; if they were solid and liquid (as they might be if the 
fuel were metallic), they would interfere with the supply of 
elements from below. In either, or in both ways, the fire ■ 
would be choked, and I think it may be safely afiirmed that 
no such fire could keep alight for more than a few minutes, 
by any conceivable adaptation of air and fuel. If the sun 
be a burning mass it must be more analogous to burning 
gunpowder than to a fire burning in air; and it is quite 
conceivable that a solid mass, containing within itself all the 
elements required for combustion, provided the products of 
combustion are permanently gaseous, could bum off at its 
surface all round, and actually emit heat as copiously as the 
sun. Thus, an enormous globe of gun-cotton might, if at 
first cold, and once set on fire round its surface, get to a 
permanent rate of burning, in which any internal part would 
become heated sufficiently to ignite, only when nearly ap- 
proached by the burning surface. It is highly probable 
indeed that such a body might for a time be as large as the 

from a beighl of 1390 feel against the earth. Tbe tarn /ool-poasd 
ezpreuei the energy leqniiite to lift one ponad to tbe beighl of i foot. 
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sun and give out luminous heat as copiously, to be freely 
radiated into space, without suffering more absorption from 
its atmosphere of transparent gaseous products thau the light 
of the sun actually does esperience from the dense atmo- 
sphere through which it passes. Let us therefore consider 
at what rate such a body, giving out heat so copiously, would 
bum away; the heat of combustion could probably not t>e so 
much as 4000 thermal units per pound of matter burned, the 
greatest thermal equivalent of chemical action yet ascertained 
falling considerably short of this. But 1781 thermal units 
(as found above) are emitted [>er second from each square 
foot of the sun; hence there would be a loss of about 0.7 
of a pound of matter per square foot p^" second ... or 
a layer half a foot thick in a minute, or 55 miles thick in 
a year. At the same rate continued, a mass as large as the 

!5un is at present would bum away in Sooo years. If the sun 
has been burning at that rate in past time he must have been 
of double diameter, of quadruple heating power, and of eight- 
fold mass only 8000 years ago. We may therefore quite 
safely conclude that the sun does not get its heat by chemical 
action ._ , and we must therefore look to the meteoric theory 
for fiiel.' 



' A hypothesis which fulfils these three conditions is a 
, legilitnale hypoihesis, though it must conform to still more 
■, rigorous requirements before it can be .accepted as a 
' complete Induct ion, or even be regarded as possessing 
I any great amount of probability. Thus, the M eteoric 
Theoryj though it is not yet proved, and perhaps never 
may be proved, to be the true explanation of the pheno- 
menon of solar heat, is perfectly tenable as a hypothes is. 
For, to take the conditions in the reverse order to that 
in which they have been enumerated above, the impact 
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of a large number of meteors on a dense body, such as 
Ihe sun probably is, would be competent or adequate to 
produce the given effect; the theory in question is likely, 
if not to be proved or disproved; at least to be rendered 
more or less probable by the progress of astronomical 
science ; lastly, we do not know, nor have we any reason 
to suppose, that the hypothesis is an untrue explanation 
of the facts. But, though legitimate as a hypothesis , 
before we could accept the Meteoric Theory as a Valid 
or Complete Induction, that is to say, an ascertain ed i 
truth, we should require to know not only that there is" 
a large number of meteors circulating round the sun, that 1 
these meteors have a tendency to fall into the central body^ ' 
and that, if Hiej were fal ling or had fallen in su fficient I 
Quantities, they would [ ^ comp^T^nt or would have be en 1 
co mpetent to produce the pre sent j.mount_pf sola r hea tj, 
but also that they do, as a matter of fact, fall in sufficient'' 
quantities to account for the phenomenon, or, at least, 
that nothing else but the showering down of asteroids andf 
meteors coulil account for it. I 

It was by availing himself of the latter mode of proor 
that Newton demonstrated the existence in the sun of a 
central force attracting the planets towards it Assuming '. 
Kepler^ s hypothesis (then sufficiently verified by obser- 
vation to be universally accepted as a tnie statement 
of the facts), that equal areas are described by the 
radii vectores of the planets in equal times, Newton 
showed that this fact could be due to only one cause, 
namely, the deflection of ihe planets from their rectilinear 
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course by a force acting in the direction of the snn's 
centre. The existence of the central force was, at first, 
started by him as a hypothesis. * He then proved that,' 
on the supposition of the existence of such a force, 
'the planet will describe, as we know by Kepler's first 
law that it does describe, equal areas in equal times; 
and, lastly, he proved that if the force acted in any other 
direction whatever, the planet would not describe equal 

I areas in equdl times. It being thus shown Chat no other 
hypothesis would accord with the facts, the assumption 

.was proved; the hypothesis became an inductive truth. 

' Not only did Newton ascertdn by this hypothetical pro- 
cess the direction of the deflecting force ; he proceeded 
in exactly the same manner to ascertain the law of 
variation of the quantity of that force. He assumed that 
the force varied inversely as the square of the distance ; 
showed that from this assumption the remaining two of 
Kepler's laws might be deduced ; and finally, that any 
other law of variation would give results inconsistent with 
those laws, and inconsistent, therefore, with the real 
motions of the planets, of which Kepler's laws were 
known to be a correct expression".' 

It will be noticed that the course of demonstration pur- 
'Sued in this instance is the following : (i) we have certain 
observed facts; {2) these observed facts are generalised 
in what are called Kepler's Laws ; {3) we have the 
assumption of the central force ; (4) it is shown that the 
central force will account for Kepler's Laws, and there- 
•• Mill'j Logic, Bk, III. ch. xi». J 4. 
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fore, of course, for the particular facts of observation on 
which those Laws were founded; (5) it is shown (and 
this, together with the next step, is what properly consti- 
tutes the de monstration) that this assumption is thegnl^ 



one which wil l account for the Law s o r the par ti cular 



facts exp ressed by them ; (6) it is inferred inductively. 
by means of the Method of Difference (to be hereafter 
described), that th e assumption of the central force, as jt 
will account for, and is the only supposition which will 
account for, the observed facts, must be accepted as true ; 
(7) Kepler's Laws (which had hitherto been accepted as 
correct statements of observed facts, though they had not 
yet been explained by reference to any cause, competent 
to account for them) are now proved deductively from 
what we have ascertained to be the Vahd Indu c tion of 
the Central Force. 

A H ypothesis can only be converted into a Valid 
Inductio iL?' by the application of one or other of the 
Inductive Methods (to be described in the next Chapter), 
or, if we insist on strict accuracy of proof, of such of 
them as furnish absolutely certain conclusions. 



Note I. — According to the view here taken, which 

" ThoDgb a hypothcsit is usually contrasted wilb a Valid oc Complete 
iDduclioa, it must not be foigotten that we hare admitted, as legiti- 
iDate, hypotheses which are uevet likely to rest en mote than probable 
eridenn. These can, of course, receive icceiiions of proof onlj' bjr 
the same means as thoie by which we eitabliih Imperfect Inductions. 
It shoold also b« remembered that the troth of a hypothesii may bJ 
demonitrBted b; dednctire at well as by inductlTe methods. ' 
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agrees with that of Mr. Mill, a hypothesis cannot clium' 
to be regarded as an established troth, till it has con- 
formed to the requirements of one or other of the 
inductive methods, or has been shown to admit of 
being deduced from some previonsly established In- 
duction. Thus, when Newton proves the existence of 
a central force, deflecting the planets from the recti- 
lineal course which they would otherwise describe and 
making them describe curves ronnd the sun, by showing 
that no other supposition would account for the fact that 
their radii vectores describe equal areas in equal times, he 
is, as Mr. Mill says, employing the Method of Difference. 
The demonstration 'affords the two instances, ABC, 
abc,anA BC, 5c. A represents central force; ABC, 
the planets plus a central force ; B C, the planets as they 
would be without a central force. The planets with a 
central force give a (areas proportional to the times) ; the 
planets without a central force give be {^ set of motions) 
without a, or with something else instead of a. This is 
the Method of Difference in all its strictness. It is true, 
the two instances which the method requires are obtained 
in this case, not by experiment, but by a prior deduct ion. 
But that is of no consequence. It is immaterial what is 
the nature of the evidence from which we derive the as- 
surance that ABC will produce a be, and BC only if ; 
it is enough that we have that assurance. In the present 
case, a process of reasoning furnished Newton with the 
very instances, which, if the nature of the case had ad- 
mitted of it, he would have sought by experiment".' 
" Mill'i Logic, BIc. 111. ch. xlv. | 4. 
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Dt. Whewell, who does not acknowledge the utility of 
Mr. Mill's methods, appears to regard the inductive pro- 
cess as consisting sunply ia the fnuning of succes 
hypotheses, the compaiison of these hypotheses with the 
ascertained facts of nature, and the introduction into 
them of such modifications as that comparison may 
render necessary". The first requisite in a hypothesis, 
according to Dr. Whewell, is that it shall esglain all 
the observed facts . But its probability, he urges, will 
be considerably enhanced, if, in addition to explaining 
observed facts, it enables us to predict the fuiu re. 
' Thus the hypotheses which we accept ought to explain 
phenomena which we have observed. But they ought 
to do more than this : our hypotheses ought to forekl 
phenomena which have not yet been observed ; at least 
all phenomena of the same kind as those which the 
hypothesis was invented to explain. For our assent to 
the hypothesis implies that it is held to be true of all 
particular instances. That these cases belong to past 
or to future times, that they have or have not already 
occurred, makes no difference in the applicability of the 
rule to them. Because the rule prevails, it includes all 
cases ; and will determine them all, if we can only cal- 
culate its real consequences. Hence it will predict the 

" A theory of Inductioii almoit identical with that of Dc. Whewetl 
(though, I Tenture to inggest, Dot so cle»rly itated or 10 Carefully 
gnarded) hii beea leccatly propounded by Piofeuoc Slaoley Jeroni in 
^iiPrindpUs i^Sciiwe. This theory, togethei with other poials ofdif- 
fereitce between Profeuor J cvom and myself,! have aotjced in the Pietace 
(a the thiid edition, lepiinted in the present one. 
1 Z 
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results of new combinations, as well as explain tbe ap- 
pearances which have occurred in old ones. And that 
it does this with certaini}' and correctness, is one mode 
in which the hypothesis is to be verified as right and 
useful ".' 

Curiously enough, the first hypothesis which Dr. 
Whewell cites, as having fulfilled both these conditions, 
is also one which eventually proved to be false. 'For 
example, the Epicyclical Theory of the heavens was 
confirmed by its predicting truly eclipses of the sun 
and moon, configurations of the planets, and other 
celestial phenomena; and by its leading to the con- 
struction of Tables by which the places of the heavenly 
bodies were given at every moment of time. The truth 
and accuracy of these predictions were a proof that the 
hypothesis was valuable, and, at least to a great extent, 
true ; although, as was afterwards found, it involved a 

i false representation of the structure of the heavens,' A 
theory may thus not only enable us to explain known 
facts, but even to predict the future, and still be untrue. 
Notwithstanding, however, the infelicitous character of the 
example selected, Dr. Whewell attaches the greatest impor- 
tance to the fulfilment of this condition by a hypothesis. 
'Men cannot help beheving that the laws laid down by 
discoverers must be in a great measure identical with the 
real laws of nature, when the discoverers thus determine 
effects beforehand in the same manner in which nature 
herself determines them when the occasion occurs. Those 

" Novum OrgOHOa Raiovatum, Bk. II, ch. T. art. lo. 
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who can do this must, to a considerable extent, have 
detected nature's secret ; — ^must have fixed upon the con- 
ditions to which she attends, and must have seized the 
rules by which she applies them. Such a coincidence of 
untried facts with speculative assertions cannot be the 
work of chance, but implies some large portion of truth 
in the principles on which the reasoning is founded. To 
trace order and law in that which has been Observed, may 
be considered as interpreting what nature has written 
down for us, and will commonly prove that we under- 
stand her alphabet. But to predict what has not. been_ 
observed, is to attempt ourselves to use the legislative 
phrases of nature ; and when she responds plainly and 
precisely to that which we thus utter, we cannot but sup- 
pose that we have in a great measure made ourselves 
masters of the meaning and structure of her language. 
The prediction of results, even of the same kind as those 
which have been observed, in new cases, is a proof of real 
success in our inductive processes.' 

But what appears to Dr. Whewell to e^stablishthe_ truth 
of a hypothesis beyond a ll guestion is what he calls a 
Consilience of Inductions. ' We have here spoken of the t 
prediction of facts t^ the same kind as those from which ; 
our rule was collected. But the evidence in fevour of our , 
induction is of a much higher and more forcible character 
when it enables us to explain and determine cases of 
a kind different from those which were contemplated in 
the formation of our hypothesis. The instances in which 
this has occurred, indeed, impress us with a conviction 
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that the troth of our hypothesis is certain. No accident 
could give rise, to such an extraordinary coinddence. No 
false supposition could, after being adjusted to one class 
of phenomena, exactly represent a different class, where 
the agreement was unforeseen and uncontemplated. That 
rules springing from remote and unconnected quarters 
should thus leap to the same point, can only arise ftom 
Aat being the point where truth resides. 

'Accordingly the cases in which inductions from classes 
of facts altogether different have thus Jumped together, 
belong only to the best established theories which the 
history of science contains. And, as I shall have occasion 
to refer to this peculiar feature in their evidence, I will 
take the liberty of describing it by a particular phrase ; 
and will term it the Comtlimce of Initufions. 
^- ' It is exemplified principally in some of the greatest 
discoveries. Thus it was found by Newton that the 
doctrine of the Attraction of the Sun varying according 
to the Inverse Square of the distance, which explained 
Kepler's Third Law, of the proportionality of the cubes 
of the distances to the squares of the periodic times of 
the planets, explained also his FirU and Second Laws, 
of the elliptical motion of each planet ; although no con- 
nexion of these laws had been visible before. Again, it 
appeared that the force of Universal Gravitation, which 
had been inferred from the Perturbatiom of the moon 
and planets by the sun and by each other, also accounted 
for the fact, apparently altogether dissimilar and remoiej 
of the Precession of the equinoxes. Here was a most 
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Striking and surprising coincidence, which gave to the 
theory a stamp of truth beyond the power of ingenui^ to 
counterfeit**.' 

It is undeniable diat a theory which thus appears to 
afford an explanation of different classes of &cts strikes 
the imagination with considerable force, and diat its very 
simpUcity famishes prt^ facU evidence of its truth. 
But what is required before a hj^thesis can be placed 
beyond suspicion is formal proof, and that, it appears 
to me, is furnished by Mr. Mill's 'methods,' and not 
by Dr. ^^Tiewell's requisitions of txplanalton, prtdktioit, 
and ctmsiiiente ^ inducttom. Yot the questions at issue 
between Mr. Mill and Dr. Whewell, see Whewell's 
Ifovum Orgatum Renovaivm (where his views are stated 
in their latest and most matured form), fik. II. ch. v. 
§ 3, and Mill's Logic, Bk. III. ch. xiv. § 6. 

Note t. — In attempting to determine the conditions to | 
which a legitimate hypothesis must conform, I have 
avoided the employment of the expressions vera causa 
and adaquala causa. In the first place, a hypothesis may 
simply attempt to find a general expression for a number 
of isolated facts without referring them to any cause, as 
was the case with the various hypotheses respecting the 
shape of the planetary orbits, and hence to speak as if 
a hypothesis always assigned a cause is an undue limita- 
tion of the meaning of the word. But to the expression 
:ausa there is a more special exception. Its meaning 
* Novtmi OrgaHon Ratcvafum, Bk. II. ch. t. art. 11. 
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is ambiguous. Is it th e actual cause w hich produce s a. 
phenomenon , or a cause which we kn ow to be ac tually 
existentj or a cause analop:ous to an existent cause? 
The student will find a. criticism of this expression (fiist 
employed by Newton) in Dr. Whewell's Ph'Usophy of. 
Discovery, ch. xviii, § 5, &c. The expression cannot 
have been used in the first, which is its most obvious, 
sense, for, as Dr. Whewell says, 'although it is the 
philosopher's aim to discover such causes, he would be 
Uttle Euded in his search of truth, by being told that it 
is truth which he is to seek.' But in the second of 
the two remaining senses, the requirement, as would now 
be generally acknowledged, is too stringent, and, if it 
had been invariably observed, would have prevented us 
from reaping some of the greatest discoveries in science, 
while in the last it is so vague as to be of no practical 
service. It has been attempted to affix other meanings 
to the phrase; but there can be litde doubt that Newton, 
having in mind the Vortices of Descartes, intended to 
protest gainst the introduction of causes of whose ex- 
istence we have no direct knowledge, and flDnsequently 
laid down a rule, which the subsequent history of science 
has shown to be needlessly stringent. 

Note 3. — We sometimes find the expression a ' eratuitous 
hypothesis. ' By this phrase Is meant the assumption of 
an unknown cause, when the phenomenon is capable of 
being explained by the operation of known causes, or 
the introduction of an extraneous (though it. may be 
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known) cause, when the phenomenon is capable of being 
accounted for by the causes already known to be in 
operation. Of the latter case we should have instances,, 
where a man is supposed to have acted at the sv^gestion 
of another, though his own motives would supply a 
sufficient explanation of his conduct, or where a man is 
supposed to have been poisoned, though he was alreadjt 
known to have been suffering from a fatal disease. Of 
the former case we should have instances in the crystalline 
spheres of the ancient astronomers and in the masses 
of crystal which were supposed by Lodovico delle 
Colombe to fill up the cavities of the moon (there being 
no instances known to us of the existence of crystal in 
these huge ,masses, and the phenomena being capable of 
explanation without making the supposition); in the 
caloric (which was supposed to be a distinct substance) 
of the early writers on heat, and in the 'electrical fluid' 
of the early electricians. In all these instances, under 
whichever of the two cases they may fall, the objection 
to the hypothesis is that it seems ' not to be needed.' 

I have SMd nothing of ' gratuitous hypotheses ' in the 
text, as a hypothesis, though it may appear to be gra- 
tuitous, may still be legitimate, and may even ultimately 
lum out to be true. 
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CHAPTER III. 
On the Inductive Methods. 

INDUCTION has been defined to be a legitimate 

inference from the known to the unknown. But the 
unknown must not be entirely unknown. It must be 
known to agree in certain circumstances with the known, 
and it is in virtue of this agreement that the inference 
is made. Now, how are we to ascertain what are the 
common circumstances which justify the inductive infer- 
ence ? X and Y may both agree in exhibiting the circum- 
stances a, 3, c, but it will not follow because X exhibits 
the quality m, that therefore this quality will also neces- 
sarily be found in Y. Nor even, if twenty, thirty, a 
hundred, or a thousand cases could be adduced in which 
the circumstances a, h, e were found to be accompanied 
by the circumstance w, would it follow necessarily ■ (it 
might not even follow probably) that the next case in 
which we detected the circumstances a, b, c would also 
exhibit the quality m. We might pass through a field con- 
taining thousands of blue hyacinths, but this fact would 
not justify us in expecting that the next time we saw 
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a hyacinth, it would be a blue one. This fonn of indue-, 
tion {Induclio per Enameraliowm Simplicem) may have no 
value whatever. In most cases, the condemnation passed 
on it by Bacon ^ is perfectly just: 'Inductio quae pro- 
cedit per enumerationem simplicem, res puerilis est, et 
precario condu(Ut, et periculo exponitur ab instantia con- 
tradictoria, et plerumque secundum pauciora quam par 
e6t, et es bis tantummodo quae praesto sunt, pronunciat.' 
But when we have reason to think that any instances to 
the contraty, if there. were such, would be, knQwn.tO.WS, the 
argument may possess considerable value, and when, as in 
the case of the Laws of Causation and of the Uniformity 
of Nature^ we feel certain, from a wide and uncontra- 
dicted experience, that there are no cases to the contrary, 
no stronger argument (to us individually) can be adduced. 
It is rarely, however, that an Inductio per Enumerationem 
Simplicem can afford us this certainty*. Our trust- 
worthy inductions are, in the great majority of cases, 
result of our detecting some fact of causation among the 
observed phenomena. We find, for instance, that, amongst 
the observed phenomena, a, b, c, rf of X, a is the cause 
of c, and, consequently, if we observe the phenomenon 
a in Y, we infer that, if there are no counteracting cir- 
cumstances, Y will possess the quality c as well ; or, if we 

* Soimn Organum, Lib. I. aph. cr. 

' It must be leraembeted that a comflcfe enunieralion of iniWnceO 
when we know the enumrralion 10 be complete, inasmuch as it leaveJ 
no room for an inference from the known to the unknown, does not 
fumitb an indoctiTe but a deduclire^ irgumenl. See ElimenU of Dt- 
dutlm Logic, Pait III. ch. i. appended Note 1. 
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observe the phenomenon c in Y, we infer that it is riot 
unlikely' that a may be present as well. The problem 
■■ of Induction, therefore, resolves ilself (except in the rare 
j cases in which we may legitimately employ Inductio per 
\ Enumerationem Simplicem, or the cases in which we have 

ino other resource) into the problem of detecting facts of 
Causation. Certain rules for this purpose have been laid 
down by Mr. Mill, called by him the Experimental 
Methods, but which I shall describe as the Inductive 
Methods. 



These Methods, it will be noticed as we proceed, are all 
methods of elimitiation, or devices ty which we are enabled 

argue from a comparatively small number of instances 
with the same certainty as if they were ever so numerous. 

Before proceeding to state and explain these Rules or 
Methods, it may be usehil to make some preliminary 
remarks on the nature of the causal relations which 
subsist among phenomena. 

(r) The same cause, unless there are counteracting 
circumstances, that is, other causes which prevent it from 
acting or which modify its action, is invariably followed 
by the same effect 

(a) As already shown (Chapter I. pp. 13-15)) several 
causes may have co -operated in producing any given 
effect In this case, it is not unusual to speak of the 
' i;ombiriation of causes ' or the ' sum of the c auses.' 

' I ay 'not unlikcljr,' for e might be due to some other cause as nell 
II a, and, therefoie, the presence of c does not enable us to infer with 
cerliintj the presence of 11, as does that of a the presence of e. 

Dr., jX.OOglC 
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(3) The same effect may be due to several distinct 
causes, or combinations of causes, being due sometimes 
to one and sometimes to another, and, hence, though wei 
may always argue from a particular cause to its effect, wet 
cannot always argue from an effect to any particulari 
cause. Thus, ignition may be due, not only to the con-( 
centration of the rays of solar heat, but also to friction, 
electricity, &c. This fact has given occasion to the 
expression ' Plurality of Causes^ for which a recent; 
writer {Mr. Carveth Read) has proposed to substitute 
the expression ' VicarJousness of Causes. ' in order to 
distinguish clearly the case of alkmative from that of 
eo-operatins or concurrent causes, noticed in the last 
paragraph *. 

• It is lomelimet donbted whether the gme effect is ever reallj due 
to different causes, and it may be conceded, I think, tliat different causes 
never do produce precisely the lamc aggregate of effects. Together 
with certain common effects, they produce certaio diver^ ot effects, and 
it is the piesence of these, indeed, that enables us to determine the par- 
ticular cause which has been at work ia the particular inilance. There li, 
however, nothing jn (his dicumstaiice inconsistent with the occurrence of 
IDnie one Or more effect! common to all the causes. Thus, the whole group 
of effects produced leveraliy by heat, electricity, impact, differs widely, but, 
at the same time, the motion of a needle may be a common part of the 
edect in all three instances, and, when we see the needle in motion, we 
may be unable to lay to which of the three causes motion it due. 
SiroiUr consideration! may be applied to the easel of ignition, and death, 
which ate ^ronrite illustrations of the operation of a plurality of causes. 
Taking A, B, C, D as cauie» or cmnWnaliont of causes, and a, 6, (, &c 
as iudiridnal portio na of the aggregate effects produced by the causes^we 
-may conceive A as producing ahedi,'& as producing dtfgh, 
C as producing e diilcl, D ai producing > m n 0. In this case, 
( nuy be regarded u an effect doe to any one of the causes A, B, C, D, 

D.„-:;c:. Google 
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(4) It frequently happens that between the original 
cause and the ultimate effect there intervene a number 
of intermei^ia t e causes. Thus, suppose we make an 

'experiment by which motion is converted into heat, heat 
:intO electricity, and electricity into chemical affinity; we 
may, roughly speaking, say that motion has been tbe 
cause of the chemical affinity, or chemical affinity the 
effect* of the motion, but, speaking strictly, we ought to 
enumerate the jntervening causes. 

(5) Sometimes a number of effect s appear to be 
produced simultaneously by the same cause . Thus, it 
would appear that there are many cases in which, if one of 
the agents, motion, heat, light, electricity, magnetism, and 
chemical action, is excited, the rest are developed simul- 
taneously'. These simultaneous effects, whether we 
conceive that they are really or only apparently simul- 

thoDghlhe 'attendint circnmsttnmt,' n they are often called, are widely 
different in each Instance. If, therefore, wc were to Etite the doctrine 
' of Plunlil}' ot ' Vioiiouiaeis ' of Causes exactly, we should uy, not 
that the same effect may be due to diflerenl causes, but that, o( the total 
> effects due to different caoses, a certain portion ii often found to be 
) common to all. For purposes of practice, however, the ordmary mode 
of statement is suiffciaitly precise. 

It seems hirdly necessary to remark that it is no valid objection to 
the doctrine of Plurality of Causes that we ve sometimes able to detect 
between the altcmaliTe causes and the identical effect lome set of con- 
ditions which ii the same in all cases. This discovery only removes the 
plurality of causation one step farther back, and the doctrine can only be 
consistently denied by those who maintain that at no single point {q 
the series of receding causes can we find the same efect produced, 01 
capable of being produced, by diitinct causes. 
' See Grove's Corrtlalioit 0/ Physical Forcts, Concluding Remarks, . 
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taneons, would be called /'oin/ or common effects of ihe 
cause. Similarly the expression ' joint effects ' would be 
employed for. the effects produced by the same cause on 
different bodies, or different portions of the same body. 
Thus, if a blow bruises my forehead, and at the same time 
gives me a headache, the bruise and the headache may 
be called joint effects of the blow. These joint effects 
may be, as it were, in different degrees of descent from 
the same cause. Thus, if Che headache incapacitates me 
for work, my incapacity for work and the bnuse on my 
forehead will be joint .effects, but in different degrees of 
descent from the original cause. 

Any phenomena which are connected, either as cau^ 
and effect, and that either immediately or remotely, or as 
joint effects, and that either in the same or in different 
degrees of descent from the same cause, may be spoken 
of as being caitsally connecUd, or as causal rdaHons, or 
as being rtlakd to one another Aroug^h jome_^ir/^ 
causation. 

I now proceed to the statement of the Inductive 
Methods. 

METHOD OF AGREEMENT. 
CANON '. 

If too or more instances of the phenomenon under invesH- 

* The ilatemmt of the Ciaoni ii taken, with some modifications, from 
Mt. Mill's Logic. The authoiides fbc the various examplss, when thets 
are Dot of a faniiliar character, are died at Che foot of the page. 
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. gallon have ipniy one other circumstance yn common, that 

,- \ circumstance may be regarded, with more or less of proba- 

' j biliiy, as the cause {or effect) of the given phenomenon, or, al 

i_ least, as connected with it through some Joel of causation. 

'^^'^ } Wherever the phenomenon a is found, we observe that 
b is found, either invariably or frequently'', in conjunction 
' with it. This fact leads us to suspect that there is some 
' causal connexion between them. On what grounds, 
i' and under what circumstances, are we justified in drawing 
. such an inference f And what is the particular character 
of the inference which we are justified in drawing? The 
answer to these questions involves many difficulties, of 
which I shall now attempt to offer a solution. 

When antecedents and consequents are discriminated 
in this discussion, antecedents will be represented by 
Roman capitals, A, B, C, &c., and consequents by Greek 
characters, a, ft y, &c. When circumstances are not 
distinguished as antecedents and consequents, I shall 
employ the small Roman letters, a, b, c, &c. 

Now, suppose that -we have A B followed by a $, and 
AC by ay; it might, at first sight, appear that A must 
be the cause of a, or, if we were attempting to ascertain 
the effect of a given cause (which, however, is a much 
rarer application of this method), that a must be the 
effect of A. And there is much plausibility in this sup- 

'' I add 'or frequently,' as it is not necessary that the conjunction 
shall be invariable. The ttudeat need not, however, at present Irouhle 
himiclf with this distinction, which will be fully expliiaed below. See 
pp. 135. 14S-I44.. 
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position, for, provided that all the other circumstinCBS 
renrain the Bame, irhatever can, in any given instance, be 
excluded, or, to ose the technica] term, eb'minaied without 
prejudice to a [^enomenon, cannot have any influence on 
it in the way of causation, nor, making the same proviso, 
can an effect which disappears be due to a cause which 
continues to operate. Thus, if we were attenpdng to find 
the cause of a given effect o. it ought \k argued that B 
cannot be its cause, for it is absent in one of the cases 
where a is present, and similuly of C ; but that a must be 
due to some cause ; and, consequently, it is due to A, the 
only antecedent remaining. Or, if we were attentpdng to 
find the effect of a given cause A, it might be argued that 
cannot be its effect, for it is aUMent in one of the oases 
where A is present, and siroilaily of y ; but diat, as a has 
been permanently present, A must be its cause. If itf 
were not for the feet itiai the same event may be due to 
a. great tramber of distinct causes (as is exemplided in the { 
familiar cases of motion, death, disease, &c.), this reason* j 
ing would be perfectly just. Now it will be observed that,! 
when B was removed, it was replaced by C. It is, there- 
fore, oonceivaUe that a may have been due to B in the 
first instance, and to C in the second, it being, of course, 
in each case, only a portion of the effect, the remaining 
portions being respectively ft y, and A having been 
throughout inoperative. This consideration, it is plain, 
vitiates the reasoning, whether we are attempting to dis- 
cover ibe effect of a given ^ause or the cause of a given 
effect. Thus, suppose that there are two distinct drugs, 
E 
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either of which is potent to remove a given disease, and 
that, in administering each of them, we mix it with some 
perfectly inert substance, which is the same in each 
case ; if the principles of the above reasoning were cor- 
rect, and we were justified in neglecting to take account 
of what may be called the Plurality of Causes, we should 
be at liberty to argue (if we were seeking the cause of a 
given effect) that the restoration of the patients to health 
was, in each case, due to the inert substance, or (if we 
were seeking the effect of a given cause) that the inert 
substance was the cause of their restoration to health. 

But, if the Method of Agreement is open to so serious 
an objection, it may be asked on what grounds is it 
recognised as an Inductive Method? The answer is 
that, by the muldplication and variation of instances, 
the possible error due to the Plurality of Causes may 
be rendered less and less probable, till, at last, for all 
practical purposes, it may be regarded as having dis- 
appeared. Thus, if to the instances AB, o^; AC, oy; 
we can add A D, oS; A £, oc, &c. ftc. ; it is plain that we 
may, at each .step, be very considerably diminishing the 
possibility of an error in our reasoning, and, after a certain 
number of instances, may be justified in feeling morally 
certain that we have avoided it. It is not likely that, 
in a number of instances, each agreeing in some one 
circumstance (besides the phenomenon which is being 
investigated) but differing as widely as possible in all 
other circumstances, the same event should in each case, 
or in a majority of cases, or in even a great number of 
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cases, be due to different causes. The chance of an inert 
substance being successively mixed with two potent 
drugs, and of the effects which are really due to them 
teing erroneously ascribed to it, is, in the present state 
of medical science, but a very slight one ; but the pro- 
bability is obviously considerably diminished, if instead 
of two such errors we suppose three, instead of three 
■we suppose four, and so on. 

For the sake of simplicity, I have assumed groups! 
of two, antecedents and two consequents (AB, oj3; AC, 
oy ; &c, &c.}, but it is extremely seldom that we find in 
nature combinations so simple. We have usually a vast 
mass of antecedents and a vast mass of consequents 
(or, to state the same proportion in more scientific 
language, a vast mass of antecedents all, or most of them, 
■ . contributing to a complex effect), and hence it often 
becomes a matter 'of extreme difiiculty to discover a 
collection of instances which, presenting the phenomenon 
in question, agree in only one other circumstance or even 
in a small number of other circumstances. The dJfii- 
cultyj therefore, of rigidly satisfying the requirements of 
the Method must be added to what Mr. Mill calls its 
characUrisiic imperfection, namely, the uncertainty attach.- 
ing to its conclusions from the consideration of the 
Plurality of Causes. 

But there is still a third difficulty incident to the 
Method of Agreement, which however is, in a majority 
of cases, of a theoretical rather than a practical nature. 
If we insisted literally on the fulfilment of the condition 

E 2 
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] that the instances presenting the given phenomenon should 
I have only one other circumstance in common, it would 
I be sim|Jy impossible to find such instances. Ail instances 
will be found to agree in a number of circumstances 
which are immaterial to the point under investigation. 
Thus, if we are enquiring into the propeities of a group 
of extemal objects, they wiU all agree in the fact that they 
are silbject to the action of gravity, and probably also 
in the facts that they are surrounded by atmospheric air 
I and exposed to the light of the sun ; but, if these facts 
do not affect the siAiject of our enquiiy, we may pasa 
j them over as if they had no existence. When, therefore, 
we employ the expression 'only one circumstance in 
I common,' we must be understood to mean ' only one 
TOg/ffM/ circ umstance,' and to exclude all circumstance* 
which a wide experience or previous mductions have 
shown to be immattrial to the question before us. It 
need hardly be added that, in forming this judgment 
as to the material or immaterial character of the circum- 
stances, the greatest caution is often required. 
; But, suppose we have ascertained (when enquirii^ 
^into the causg , of a given effect^ that the instances agree 
;in only one antecedent (or rather one maiirud ante- 
^cedent), namely A, and that we have so muldplied and 
varied the instances as to have satisfied ourselves that 
we have excluded die possibility of a Plurality of 
Causes, are we justified in drawing the inference that 
A is the cause of a? We are so justified, for a must 
be due to something which went before it, and, as it 

Dr., ;X.OOglC 



METHOD OF AGREEMENT. 133 

has been shown that it is not due to any of the other 
antecedents, it must be due to A. Similarly, if 
object be to enquire into the e^cC of a given caus 
we are justified, if we discover a coosequent a, of which 
we can assure ourselves that it is not due to any of flie 
other antecedents, in regarding it as the effect of A. 

Hitherto, we have supposed the aptecedentg and con- 
sequents to be discriminated. But, suppose that ^e have' 
a number of phenomena abcde, adefg, Ac, in which . 
we cannot discriminate them, how will the conclusions 
of the Method of Agreement be affected f There will, 
as in the former cases, obviously be the difficulties arising 
from Plurahty of C auses and the complexity o f the 
phenomena. Supposing, however, these to be overcome, 
and two circumstances only, a and b, to have been ascer* 
buned to be common to all the instances, what conclusion 
shall we be justified in drawing with reference to the 
connexion between a and b^ It is only reasonable 
to suppose that they must be causally connected in 
some way, else their connexion would be a mere 
casual coincidence; a supposition which we assume to 
have been excluded by the number and variety of the 
instances examined. But they need not necessarily stand 
to each other in the relation of cause and effect, for they 
may be common effects (in the same, or in different de- 
grees of descent) of some cause which has itself ceased 
to operate. In social and physiological phenomena this 
is frequently the case. A disease will leave effects behind 
it which will continue to co-exist for years after the disease 

Dr., ;.LiOOglc 
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itself has passed away, and which, though not standing 
to each other in the relation of cause and effect, are thus 
causally connected.. The social condition of any old 
country is, to a great extent, an aggregate of such effects, 
the original cause or causes of. whiph have long ceased to 
have any existence. ^' i 

I It should be noticed that the Method of Agreement is 
', mainl/, though not exclusively, a Method of Observation 
rather than of Experiment, and that it is applied far more 
(frequently for the purpose of enquiring into the causes of 
(given effects than into the effects of given causes. The 
reason of this peculiarity is that in trying an experiment. 
or in enquiring into the effect of a given cause, we are 
generally able to employ one of the other Methods, 
which, as will be seen hereafter, are not exposed to the 
same difficulties as the Method of Agreement. 

It should also be noticed that where, after a careful 
elimination and an examination of a sufficiently large 
number of instances, we have, instead of two, some three, 
four, or more circu mstances common to all t he instances, 
iwe. may, with much probability, regard them all, unless 
we know or suspect any of them to be jmniatpriai cir- 
^cumstances, as being causaUy connectgjjj If the common 
circumstances be a, b, c, d, this is all that we can infer. 
But, if they be A, B, C, o, we may infer that the cause 
of a is certainly either A or B or C, or some two of them 
acting jointly, or all acting together, while those common 
antecedents, which do not either constitute or contribute 
to the cause, probably stand in some causal relation to 
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it, and consequently to its effect a. Similar conclusions 
may be drawn, if the common circumstances left after 
elimination be A, a, /3, y. Thus, for instance, a, /3, y 
might all be joint effects of A, or o might be ils im- 
mediate effect, and |9, y effects of o, and so on. 

It is perhaps not superfluous to remind the student 
that, in the application of this Method, he should be 
peculiarly careful not to overlook any instance in which 
the given phenomenon is unaccompanied by the other 
circumstance. Such an instance should at once lead him 
to suspect that some third common circumstance, which 
may be the true cause (or effect) of the given phenomenon, 
has escaped his attention, but this, if it be so, does not 
necessarily vitiate his conclusion. If the given phe-^ 
nomenon be the consequent, and this other circunistance 
the antecedent, such an instance may only point to some 
other and independent cause of the phenomenon in ad- 
dition to the cause he supposes himself to have ascer- 
tained. If, on the other hand, the given phenomenon 
be the antecedent, and this other chcumstance the con- 
sequent, such an instance may only point to a counter- 
acting cause which, in this exceptional case, frustrates 
the supposed effect. The only condition essendal to I 
an application of the Method of Agreement is that' 
the cases on which the inference is founded shall pre-i 
sent only two circumstances in common. It is not ne-j 
cessary that these circumstances should invariably bei 
found in conjunction, provided that in the cases where! 
they are found in cpnjunctlon no other common cir-', 
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cumgtance can be detected, I shall recur to this subject 
below '. 

Id the statement of the Canon, I have thought it 
desirable to introduce the eipression ' with mote or less 

I of probability,' in order to show that, under no circum- 
stances, does an inference drawn in accordance with the 
Method of Agreement attain to absolute and formal cer- 
tain^, thou^ as we have seen, it may attain to moral 
certainty. 

As familiar examples of the emi^oyment of the Method 
of Agreement, the following may be adduced :— 
I After taldng a particular kind of food, whatever else X 
nay cat 01 drinl, and however various my general state of 
health, the temperature of the air, the climate in which I 
am living, and my divers other surroimdings, I am invari- 
ably ill ; I am justified in regarding the food as the prrdiable 
cause of my illness, and avoid it accordingly. Tlus ex- 
ample furnishes a good illustration both of the difficulties 
and of the possible cogency of the Method of Agree- 
ment. What made me ill on each of two, three, or four 
occasions, may have been some viand different from the 
one in question, but it is very unlikely, if the number of 
occasions on which the inference is based be con^derable, 
that it has been a different viand on each of them. 

I find that a certain plant always grows luxuriantly 

on a particular kind of soil ; if my experience of the 

other conditions be sufficiently various, I am justified in 

Gonduding that the soil probably possesses certain chemi- 

* See fp. na-H4. 
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cat constituents which aie peculiarly favourable to the 
production of the plant. 

Trade is observed lo be in a languishing condition^ 
wherever there exist certain restrictions, such as high 
duties, difficulties thrown in the way of landing or loco- 
motion, &C. ; if it could be ascertained that these countries 
agreed in no other respect which could influence the 
condilion of trade, except in beinjjj subjec t to ^^^^ these 
restrictions; it might be inferred with considerable proba- 
bility that the commercial depression was due to the 
restrictions as a cause. 

In all these cases, it will be seen that the great diffi- 
culty consists in ascertaining that the supposed cause 
is the only circumstance^ or the only material circ um- 
stance, which, in addition to the phenomenon itself, the 
various instances possess in common. 

I now append a few instances of a less familiar nature t — 

The occurrence of Aurora Borealis has, under me- 
teortJogical conditions of very different character, been 
invariably found to be accompanied by. considerable 
magnetic disturb ances. It is rightly inferred that there 
is some causal connexion between magnetic disturbance 
and the occurrence of the Aurora Borealis. 

It has been observed unifc^mly, and under a variety of 
circumstances, that, wherever an indiscriminate system 
of almsgiving has prevailed, the population has, sooner 
or later, become indolent and pauperised. This fact 
may be noticed especially in the neighbourhood of large . 
monasteries, in parishes where large sums of money 
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are distributed in the shape of ' doles,' in places which 
are the residence of rich and charitable but injudicious 
persons, and the like. The reason is not difficult to 
discover. The unfortunate recipients of the charity are 
left without the ordinary motives to exertion, and con- 
sequently, when ihe abnormal supply ceases, or becomes 
too small for the wants of an increased population, being 
without self-reliance or any special skill, they have no 
resource but beggary. 

After a variety of experiments on substances of the 
most different kinds, and under the most different cir- 
cumstances, it has been found that, as a body passes 
from a jower d eji;r ce_pf temperature to a higher, it in- 
variably u ndergoes a change of volume, though that 
change may not always be in the same direction, it being, 
in the great majority of cases, in the direction of expan- 
sion, but, occasionally, in that of contraction. Hence it has 
been inferred that chanpe of volume is an invariable effect 
i of change of te_mp.erature. It has been supposed by some 
writers on physics that we may go further than this con- 
clusion, and state that augmentation of temperature is inva- 
riably followed by augmentation of volume, and diminution 
of temperature by diminution of volume, the exceptions 
of water ' as well as of bismuth and of the casting-metals 

* Water fellows the geaail rule, >nd continues to contnct in bulk 
11 id temperature ii lowered, till it reicbet about 39° Fahtenhiit or 4" 
Centigrade, when it begins to expand, and cantini]es to da so till after its 
conTcTsion into ice, ■□ that a given weight of water at the temperature 
(say) of 37% or when frozen, occupies more space than it occupied at 
(say) the temperature of 40°. This anomaly is sopieiriiat boldly «x- 

: , ., ;X.OOglC 
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generallj- (which suddenly expand at the moment of 
solidification) being explained as anomalies due to som« 
interfering cause. We are, however, at present so little 
acquainted with the intimate constitution of bodies, that 
it might be rash to state the proposition in this form, 
and, stated as at>ove, it is open to no exception^!. 

The following example, which also illustrates the 
caution necessary to be observed in framing a general 

plained by Sir W, Grove as due to the jetting inof llie ptoce«! of nyitil- 
lizitioD, which he iopposes to begin M 39°, and to interfere with the 
ordiBacy law of contraction and expansion. (See Grove'i Corrdalion of 
Physical Forces, fifth ed. p. 58, &c.) 

" I adduce thii instance as an eiample of the Method of Agreement rather 
than of the Method of ConcomNant Variationi. because the argument, k 
at here stated, leslt rather upon the variation of circumstancei and the 
gnat Jirtriity o f bo dies, in whicb the law is found to hold good, than 
upon the relation between thevatioui degrees ofejcpansion or contraction 
and the laiious degrees of temperature in the same body. Had the 
stress been laid apon the latter consideration, the argument would 
undoubtedly have been an instance of the Method of Coocomitinc 
Variations. 

It frequently happens, in fact, that two or more Methods are com- 
bined in ihe same proof. In the present instance, as will be seen below, 
the argument as applied to eac h pait ic ular kind of body (mercury, for 
instance) is an argument based on the Method of Concomitant Varia- 
tions ; but when we proceed to extend the experiment to otherJ«)dies, 
and then argue from the variety of the bodies examined that a body, in 
passing from one degree of lemperiture to another, invariably undergoes 
a change of volume, it appears to me that we are no longer employing 
the Method of Concomitant Variations but the Method of Agreement, 
It moM be borne in mind that the object of our enqniry ii not strictly 
the el&cts of heat (for the total effects o[ heat, inasmuch as we cannot 
wholly exhaust any body of its heat, must be unknown to us), but the | 
effects of 1 change of temperature, | 
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proposition, la extracted from Sir John Herscbers Dit- 
tourse on ihi Study of Natural PAiloiopiy" : — 

'A great number of traasparent substances, when exposed 
in a certain particular manner, to a bean of light which has 
been prepared by undergoing certain re6exions or refractions 
{and has thereby acquired peculiar properties, and is said 
to be " fn/nrofd" ). cnhibit very vivid and beautiful coloure, 
disposed in streaks, bands, &e, of great regularity, which seem 

I to arise withhi the substance, and which, from a certain 
regular succession observed in their appearance, are called 
"periodical co lo urs." Among the substances which exhibit 
these periodical colours occur a great variety of y'MlS('""Sllt 
jfjliljg, but ntf fluids and no opaque solids . Here, then, there 
seems to be sufficient community of nature to enable us to 
use a general term, and to state the proposition as a law, 
Iviz. tratuparent jolidi exhibit periodical colours by exposure 
)to polarized light. However, this, though true of many, does 
not apply to all transparent solids, and therefore we cannot 
state it as a general truth or law of nature in this form; 

I although the reverse proposition, that all solids which exhibit 
such colours in such circumstances are transparent, would 
be correct and general. It becomes necessary, then, to make 
a list of those to which it does apply; and thus a great 
number of substances of all kinds become grouped together 
I in a class linked by this common property. If we examine 
the individuals of this group, we find among them the utmost 
variety of colour, texture, weight, hardness, form, and com- 
position ; so that, in these respects, we seem to have fallen 
upon an assemblage of contraries. But when we come to 
examine them closely in all their properties, we find they have 
all one point of agreement, in the property of doable refrac- 
tion, and therefore we may describe them all truly as Jaabh 
refracting l ubitancea. We may, therefore, state the fact in 
the form, "poubly refr acting gi ihstani;^ fxhi bit periodical 
" 5 90- 
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odours by exposure to polarized Rg M;" and in this form it 
is found, on further eKamination, to be true,not only for those 
particular instances which we had in view when we first pro- 
pounded it, but in al! cases which have since occurred on further 
enquiry, without a single exception ; so that the proposition 
is gener^, and entitled to be regarded as a law of nature.' 

The experiments by which Dr. Wells " established his 
Theory of Dew afford a remarkable example of the 
Method of Agreetnent. By employing various objects 
of different material under a variety of circumstances, 
he showed that, whatever the testure of the object, the 
state of ^e atmosphere, &c., it is an invariable condition 
of the deposition of dew that the object on which it is 
deposited shall be colder than the surrounding atmo- 
sphere, the greater coldness of die object being itself 
produced by the radiation of heat from its surface. This, 
to quote the words of Sir John Herschel, is the case not 
only with 'nocturnal dew,' but with 'the analogous phe- 
nomena' of the moisture which bedews a cold metal or 
stone when we breathe upon it ; that which appears on a 
glass of water fresh from the well in hot weather ; that which 
appears on the inside of windows when sudden r^n or 
hail chilis the external sur ; that which runs down our walls 
when, after a long frost, a wann moist thaw comes on.* 

" Dr. WelU' Memoir on ihi Tktory of Dew, which hid become rery 
tcarce, wii rc[nialed by Longmans and Co. in 1S66. 11 !i veiy brief, 
and well dcsenres to be cirefully read by eyeiy Mudent of icientific 
method. Sir John Herechel {Nanrai Philosophy, i 168) ipraki of the 
cpecutatioD as 'one of the moit beautiful specimeni' he can call to miod 
'of inductire tiqierhnenlal enqniry lying within a moderate c<nnpats.' 
Mr. Mill also employs it at one of hii MiKellaneoui Ei»mp1es in Bk. III. 
cb. a, of ba Logic. 

■ Dr., ;.LiOOglc 
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It is by the Method of Agreement that we discover the 
symptoms of a disease, the gijpis of a political tev olution^ 



national characteristics^ the order of superposition among 
geological strata, grammatical rules, and the like. 

The first division of Bacon's instantm solitaruE coin- 
cides with the cases contemplated in the Method of 
Agreement, as the second coincides with the cases con- 
templated in the Method of Difference. The example 
employed in the first is so remarkable both in itself, and 
as an anticipation of Newton's Speculations on Colour, 
that I may adduce it as an additional instance of the 
Method of Agreement : — 

' Exempli gratia : si fiat inquisitio de natura coloris, 
instanlia soliiarim suiit piismata, gemmse crystallinse, qnse 
reddunt colores, non solum in se, sed exterius supra 
parietem. Item rores, &c. Istse enim nil habent com- 
mune cum coloribus fists in iloribus, gemmis coloratis, 
metallis, lignis, &c. prseter ipsum colorem. Unde facile 
colligitur, quod color nil aliud sit quam mocUhcatio ima- 
ginis lucis immissae et receptse: in priore genere, per 
gradus diversos incidentiEe ; in posteriore, per testuras et 
scheraatismos varios corporis, Istse autem inslantim sunt 
solitaria quatenus ad similitudinem ".' 
■ In attempting to ascertain the cause of a given effect, 
a, it may happen that we find a particular antecedent, 
A, frequently, but not invariably accompanying it. If, 
■in those cases which present both a and A, no other 
jcommon circumstance can be detected, we may infer 

>> Novum Organum, Lib. II. aph. xiii. 

Dr., ;.G00glc 
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that A is probably a cause of n. I say ' a cause,' for 
the fact that a may be present without A is a proof that 
A is not the only c^ use. My meaning will be plain from 
the following example : — 

We compare instances in which bodies are known tol 
assume a crystalline structure, but which have no other I 
point of agreement; in the great majority of instances,! 
though not in all, we find that these bodies have assumed 
their i'iyBt^[jin^i- Btnirtnri- during the process of solidifica- 
tioh from a fluid s_tatej^^ther_g^seous or Uguid, and, so 
far as we can ascertain, these cases have no other cir- 
cumstance in common. From these facts it may be reason- <>f^iJS£lr' 
ably inferred that the passage from a fluid to a solid 
state is a cause^ though not the only cause, of crystal- 
lization ", 

Again, when A is fr equently, though not_ invariably, , 
followed by a, and there is, so far as we can ascertain, 
no other ^ com mon antecedent, we are justified in sus- 
pecting that A is a cause of a, and that, in the cases! 
where a ' does not occur, the operation of A is counter- ' 
acted by some other cause. If, for example, a certain . 
occupation or mode of living is found to be usudly, 

" This e^iample is adopted, with considerable modificitiODB, from one 
which occurs iu Mc. Mill's Logic. Bk. III. ch. viii. J I. I am indebted 
to Sir John Herschel for pointing out to me that Mr. Mill's example 
(which I had originally adopted as it stood) is loo broadly stated. ' The 
lolidification of a substance from a hquid [it should be fluid] ilate' is 
not 'an invariable,' but only an usual 'antecedent of its crystallization.' 
The reader will find seireral enceptions uoliced in Watts' Dictionary of 
Chtmistry, «rt. Ciystalliiaiion. 
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though not invariably, attended by a pardcnlar foim of 
dbease, we seem to be justified in regarding this occnpation 
or mode of living as a cause of the disease, a^d in explain- 
ing the few cases in which the disease does not occur as 
due to exceptional and counteracting circumstances. 

Similar]}', when a and b are found in fiegnent, though 
not invariable, conj unction i^ and, in the cases where tiiey 
are found leather, there occurs, so iar as we can ascer- 
tMn, no other common circumstance, we are jnstified in 
suspecting that there exists gome ca usal connexion 
between them. 

The student, who is acquainted with the science of 
Medicine, will find a good illuUration of the extreme 
difficulty attending die application of the Method of 

" The invariabl e conjunction of twojihenpniena, when tbe pretence 
of the o ne in)2'''* ^^ p resence of the other , and the diience of tb« one 
the absence of the other, if a o»»e filling under the Double Method of 
AKTcement, to be eipUitied piesenlly ; bnl ihoje casM, in which we 
limply know ihil i given phenomenon i< invariably preceded or in- 
Tariably follow ed by another, hU under the Method of Apteement l uU 
ditcusKd. If a given pheaomeDOii Ii, n> far ai we know.' ii^y»ri«falv 
preceded by another, ibis fact pBtiGei ui in impeding (though it doci 
not prove) that tbe antecedent is not only a cauie, but the only came, 

iof the given phenomenon. Sncb ■ concluiion can only be provtd (even 
approiimately) by the Dopble Metho^ yf Aereerncnt. It is, how- 
ever, as alieady pointed ant, nol in the i m^riib lenen o f tiw oinjnnc - 
tion^ bnt in the fact that the instances examined pr«ent, » fat M 
ne ran ateertain. only two ph enomena in common, that the cogency of 
the Method of Agreement coniisti. But of this fact invariableoeis of 
antecedence (cr of consequence) furnishes one of the strongest proofs, 
inasmnch as inch iovariibleness implies a very wide variatioa of 
circamstaneei ; hence the strett laid upon it in toiiK of the eiamplet 
adduced above. 
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Agreement, as well as of the Joint Method of Agreement 
and Difference (to be noticed presently), in the disputes 
which still occur as to the cause of the mental disease 
which is known as Atactic Aphasia, that is, the condition 
in which, with reference to cert^n sounds, the patient has 
lost the power of co-ordinating the muscles of speech. 
The French physiologist, M. Broca, laid down the posi- 
tion that this disease is invariably due to a lesion of the 
thhd frontal convolution of the left hemisphere of the 
brain, the disease being invariably attended by the specific 



lesion, and the lesion never occurring without the disease. 



His followers maintain that the instances are decisive in 
favour of this theory, while the apparent exceptions admit 
of a satisfactory explanation; his opponents, on the 
other hand, assert that there are welt-established cases 
both of atactic aphasia without the specific lesion, and 
of the lesion without aphasia". 

METHOD OF DIFFERENCE. 



If an iftstance in which the phenometion under investi- 
gation occurs, and an instance in which it does not occur, 

" See a paper by Di. William Ogle in the St. Gtorgis Sosfital Reports, 
vol. ii. ; a Pamphlet by Dr. Frederic Batemin of Norwich, publisheil b; 
J. E. Adbrd, Bartholomew Qoie, London, 1868 ; Or. Reynolds' Syslim 
of Medieme, voL ii. pp. 441-444 ; and varioni reports of discU!9ion> 
pobliihed in tbe Laiait and other medical jouraalj. I have to thank 
mj friends, Profesiori Acland and Rolleston, for tbeir kindness in supply 
ing me vith iafornution on tllis interesting subject, and regret that my 
fpace prevent! me from pursuing it at greater length. 
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have every circumstance in common save one, that me oc- 
curring only in the former ; Ihe circumstance in which 
alone ihe two instances differ, is the effect, or cause, or a 
rucessary part of the cause, of the phenomenon. 

The circumstances a, b, c are fotmd in conjunction 
with d, e, f, and the omission or disappearance of the cir- 
cumstance a is found to be attended by the disappearance 
of the circumstance d. It is inferred that a and d are 
so connected that one is cause (or a necessary part of 
the cause) and the other effect. Jf^ moreover, it can 
be ascertained that a is the antecedent and d the con- 
_sequent, or that, though there are instances in which d 
occurewithout a, there are no instances in which a occurs 
witlwut d, we may proceed to infer (in the latter case, on 
the ground that a phenomenon may have more than one 
cause, but that a cause, unless counteracted by some other 
cause, must be attended by its effect) that a is the cause, 
and d the effect. Similarly, if the circumstances a, b, c 
are found in conjunction with d, e, f, and the introduction 
of the circumstance x into the former set of phenomena 
is found to be attended by the appearance of the cir- 
cumstance y in the latter set of phenomena (so that they 
may be represented respectively as a, b, c, x ; d, e, f, y), 
it may be inferred that x and y are related as cause 
and effect; or, if x be the antecedent and y the con- 
sequent, or the appearance of x be inva riably attended 
by the appearance of y while the appearance of y is 
not invariably attended by the appearance of x, that x 

D.„-:;c:. Google 
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is the cause and y the effect. The reasons on which 
the Canon resls are obvious. All other circumstances 
remaining the same, if the in t roduc ^f on or omission of 
any circumstance be followed by a change in the remain- 
ing circumstances, that change must be due to such 
introduction or omission, as an effect to a cause; or, 
if two new circumstances enter simultaneously, without 
producing any other change in the phenomenon, these 
two circumstances (except on the improbable suppo- 
sition that they are two causes exactly counteracting each 
other) must be related as cause and etfect, though we 
may be unable to say which of the two is cause and 
which effect, ' The Method of Agreement.' says Mrl**^ 
Mill, ' stands on the ground that whatever can be eli- 
minated, is not connected with the phenomenon by any 
law. The Method of Difference has for its foundation 
that whatever can «^ be eliminated, is connected with 
the phenomenon by a law.' In the Method of Differ- 
ence, the instances agree in everything, except in the 
possession of two circumstances ^vhich are present in 
the one instance and absent in the other. In the Method 
of Agreement, the various instances compared (for here 
we generally require more than two instances) agree in 
nothing, except in the possession of two circumstances 
which are common to all the instances. One Method 
is called the Method of Agreem ent, because we compare 
various instances to see in what they agree ; the other 
is called the Method of Difference, because we compare 
an instance in which the phenomenon occurs with 
I. a 

Dr., ;X.OOg[C 
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another in which it does not occur, in order to see in 
what they differ. 
Instances of the Method of Difference are not far 
lfJii:Ut\ tji ffiy ia seek. A piece of paper is thrown into a stove ; we 
.^j"'^ ■'*'** have no hesitation in regarding its apparent consumption 
as the effect of the heat of the fire, for we feel assured 
tiiat the sudden increase of temperature is the only new 
circumstance to which the piece of paper is exposed, and 
that, therefore, any change in the condition of the paper 
must be due to that cause. A bullet is fired from a gun, 
or a dose of prussic acid is administered, and an animal 
instantly Ms down dead. There is no hesitation in 
ascribing the death to the gun-shot wound or the dose 
of poison. Nor is this confidence the effec t of a ny 
wide experience, for, if it were the first time that we 
had seen a gun fired or a dose of poison administered, 
we should have no hesitation in ascribing the altered 
condition of the animal to this novel cause; we should 
know that there was only one new circumstance operating 
upon it, and, consequently, that any cliange in its con- 
I dition must be due to that one circumstance. In all these 
(instances, there is the introduction of a new antecedent, 
]X, to which the new consequent, y, must be due. But, 
" ■ ' , if the omission of one circumstance be attended by the 
omission of another, we may argue with equal confidence. 
I withdraw my hand from this book which is resting 
upon it, and the book instantly falls to the ground; there 
is no hesitation in referring the altered position of the 
book to the withdrawal of my support, A man is 
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deprived of food, and he dies ; we have no hesitation in 
ascribing the disappearance of the phenomenon we call 
life to the withdrawal of the means by which it is main- 
tained. In these instances, we have certun antece- 
dents, followed by certain consequents, and, observing the 
simultaneous or successive disappearance of A and a, 
we have no hesitation in connecting the two as cause and 
effect. 

All crucial instances (instantife " crucis, as they are 
called by Bacon) are applications of the Method of Dif- 
ference, A crucial instance Js some observation, or ex-t 
periment which enables us at once to decide between two! 
or more rival hypotheses. It will be familiar to every onej 
in the form of the chemical Usf, as where we apply an 

" 'Intn pitBrogatirai iDitantiamni poncmui loco decioio quarto in- 
stantias crwi's ; translalo vocabolo a crucihus, qnK, erectiE in biTiii, indi- 
cant et signant viaram separationcs. Has etiam iaslanlias dtcisorias, et 
judicialei, et in catibns noaaallis inslaiilias oraculi, et mandaH, ippcllaie 
coasu«viiDui. Eaium latio talis est. Cum in inquisitione uaturic alicujus, 
intcDectus ponitnt tanquam in zqailibrio, nl incertui sit, utii nitntamm 
e duabas, yd qaandoque pluiibus, caasa naturas inqaisitcE attribui aut 
assignari debeal, propter complurium naturarucn concursnm frequentem 

(quoad naluram inqutsitani) fidum el inditsolubile, alteriui autcm Tarium 
et leparabile; unite terminatoi qaxMo, et recipitur natura ilia prior pro 



t per illis peiGcii 



at Dt plurimum novz sunt, et de industria atque ex composito qufesitx 
et applicatsf, et diligentia sedula et acri Wndem erut*.' — JVomm 
Organum, Lib. II. ai^. xxxii. 
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j acid, for the purpose of determining tlie character of 
i a metal, or a metal for the purpose of detecting latent 
I poison. According to the metaphor, there are two or 
more ways before us, and the observation or experiment 
acts as a ' guide-post' (crux) in determining us wtiich to 
take. The following beautiful example of a Crucial 
Instance is borrowed from Sir John Herschel'*. 

' A curious example is given by M. Fresnel, as decisive, 
in his mind, of the question between the two great opinions 
on the nature of light , which, since the time of Newton 
and Huyghens, have divided philosophers;' — that is, be- 
I tween what is called ' the emission theory ,' according to 
i which light consists of actual particles emitted from lumi- 
I nous bodies, and what is called ' the undulatory theory,' 
according to which light consists in the vibrations of an 
elastic medium pervading all space, 

' When two very clean glasses are lad one on the other, 
if they be not perfectly flat, but one or both in an almost im- 
perceptible degree convex or prominent, beautiful and vivid 
colours will be seen between them ; and if these be viewed 
through a red glass, their appearance will be that of alternate 
dark and bright stripes. These stripes are formed betiMcen 
the two surfaces in apparent contact, as any one may satisfy 
himself by using, instead of a flat plate of glass for the upper 
one, a triangular-shaped piece, called a prism, like a three- 
cornered ,stick, and looking through the inclined side of it 
next the eye, by which arrangement the reflexion of light 
from the upper surface is prevented from intennising with 
that from the surfaces in contact. Now, the coloured stripes 
thus produced are explicable on both theories, and are appealed 
" Distouru OB ihe Study (^Natural Philosophy, J 218. 
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to by both as strong confirmatory facts ; but there is a dif- 
ference in one circumstance according as one or the other 
theory is employed to explain them. In the case of thet 
HuTRhenian doctrine, the intervals between the bright stripes! 
ought to appear abiolutetj black; in the other, half brightA 
when so viewed through a prism. This curious case of dif-| 
ference was tried as soon as the opposing consequences of 
the two theories were noted by M. Fresnel, and the re- 
sult is stated by him to be decisive in fawiur of that theory I 
which males light to consist in the vibrations of an elastic I 
medium".' I 

The following is an example of a similar kind. It 
had been determined, from tl^eoretical consider^^q jus . 



that, on the assumption of the un duller ? theory, the 
velocity of light must be less in the more highly refracting 
medium, while, according to the emiswon theory, it ought 
to be greater. When M. Foucault had invented bis 
apparatus for determining the velocity of light, it became 
possible to submit the question to direct experiment ; 
and it was established by M. Fizeau that the velocity' 
of light is less in water (the more highly refracting' 
medium) than in air, in the inverse proportion of the; 
refractive indices. The result is, therefore, decisive in 1 

" Mr. MiU {Logit, Bk. III. cb. xiv. f 6) maintains that it doet not 
follow ftom this eiperimeDl that ' the phenomena of light are reiulls of 
the laws of elastic fluids, bot at most that they are governed by laws 
partially identical with these.' But though the experiment may not be 
decisive as in favour of the Undulalory Theory, it is undoubtedly de- 
cisive as against the Emission Theory. It may be necessary to add that 
the term ' fluids ' would now be repudiated by those who bold the 
Undulatory Theory. 
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favour of the undulatoiy, or, at least, against the emission 
theory ". 

There is no science, perhaps, in which the Method 
of "Differt^pre ts SO extensively used as the science of 
! ChemislTTi and that because chemistry is emphatically a 
j science of experiment. Almost any chemical experiment 
will serve as an instance of the Method of Difference. 
Mis, for example, ch loride of mej-tj^^j fy with iodide _of 
^potassium, and the result will be a colourless liquid at 
the top of the vessel with a brilliant red precipitate at 
the bottom. There can be no hesitation in ascribing 
this result to the mixture of the two liquids ; and two 
similar experiments will enable us to determine that the 
chlorine has been set free from the mercury and united 
with the potassium, which itself has been set free from 
the iodine with which it was previously united, while 
the iodine has united with the mercury, the former pro- 
ducing chloride of potassium (dissolved in the colourless 
liquid), the latter iodide of mercury (the red precipitate). 

The science of Hg at for, as Dr. Whewell proposes to 
call it] Thermotics) also furnishes excellent examples of 
the Method of Difference. The following instances are 
adapted from Professor Tyndall's Ileal a Mode of 
Motion * : — 

' Here is a brass tube, four inches long, and of three- 
quarters of an inch interior diameter. It is stopped at the 

" See Lloyd'i Wave Theory of Light, Atl. 37 ; Ganot'E PhysUs, 
English tratiilatioD, third edition. Art. 436. 
" Third Edition, ch. i. JJ 14-16. 
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bottom, and screwed on to a whirling table, by means of 
which the upright tube can be caused to rotate very rapidly. 
These two pieces of oak are united by a hinge, in which are 
two semicircular grooves, intended to embrace the brass tube. 
Thus the pieces of wood form a Itind of tongs, the gentle 
squeezing of which produces friction when the tube rotates. 
1 partially fill the tube with cold water, stop it with a cork 
to prevent the splashing out of the liquid, and now put the 
machine in motion. As the action continues, the temperature 
of the water rises, and nOw the tube is too hot to be held in 
the fingers. Continuing the action a little longer, the cork 
is driven out with explosive violence, the steam which follows 
it producing by its precipitation a small cloud in the atmo- 

In this experiment it will be noticed that only one new 
antecedent is introduced, namely the motion of the ma - 
chine. ; hence the mcreased temperature of the water and 
the varid j fi f fferts whirh fnllnw i^pnn il are due to the 
motion as a cause. The experiment, then, shows that I 
heat is generated by the action of mechanical force. ( 

The converse of this proposition, namely that heat is 
consumed in mechanical work,, or, as it is often stated,! 
transmuted into mec hanic al energy, is proved by the two' 
next experiments, j 

' This strong vessel is filled at the present moment with 
compressed air. It has lain here for some hours, so that the 
temperature of the air within the vessel is now the same as 
that of the air of the room without it. At the present mo- 
ment this inner air is pressing against the sides of the vessel, 
and if this cock be opened a ptortion of the air will rush 
violently out. The word " rush," however, but vaguely ex- 
presses the true state of things ; the air which issues is driven 
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out by the air behind it ; this latter accomplishes the work of 
urging forward the stream of air. And wh^ will be the con- 

Idition of the ttiork'mg air during this process? It will be 
chilled. The air executes work, and the only agent it can 
call upon to jwrfonn the work is the heat to which the elastic 
force with which it presses against the sides of the vessel is 
entirely due. A portion of this heat will be consumed, and 
a lowering of temperature will be the consequence. Observe 
the experiment. 1 will turn the cock, and allow the current 
of air from the vessel to strike against the face of the pile ". 
The magnetic needle instantly responds ; its red end is driven 
towards me, thus declaring that the pile has been cMlledhj 
the current of air,' 

' Here moreover is a bottle of soda-water, slightly warmer 
than the pile, as you see by the deflection it produces. Cut 
the string which holds it, the cork is driven out by the elastic 
force of the carbonic add gas ; the gas performs work, in so 
doing it consumes heat, and now the deflection produced by 
the bottle is that of cold.' 

The last experiment furnishes a good instance of the 
extreme simplicity of the examples by which scientific 
truths may often be illustrated. 

The uncertainly which, as we have seen, always at- 
taches to conclusions arrived at by the Method of 
Agreement renders it desirable that they should, wherever 
it is possible, be confirmed bj an amplication _of__the 
Method of Difference. A beautiful instance of such a 
confinnation is adduced by Mr. Mill in the case of 

" Thit ii, tlie thermo-electric pile, a deliale ioitniment for indicating 
very smill changes of temperatnre. It it by meani of Ibii initraioent 
that it hii recently been ihown that we receive heat (tiiough, of coona, 
in infialtesimal quaatiliei) from the moon'i rajl. 
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CrystaJlizadon. The Method of Agreement has already 
led us to the conclusion that the s olidification of a sul 
stance from a fluid stat e is a very frequent antecedent 
of its crystallization, and consequently, in a ll probability, 
one, at least, of its causes. But the Method of Difference 
completes the evidence, and enables us to. state positively 
that it is a cause. 

' For in this case we are able, afler detecting the antece- 
dent A, to produce it artificially, and, hy finding that a follows 
it, verify the result of our induction. The importance of 
thus reversing the proof was never more strikingly manifested 
than when, by keeping a phial of water charged with siliceous 
particles undisturbed for years, a chemist (I believe Dr. Wol- 
laston) succeeded in obtaining crystals of quartz ; and in 
the equally interesting experiment in which Sir James Hall] 
produced artificial marble, by the cooling of its materials! 
from fusion under immense pressure : two admirable es- 1 
amples of the light which may be thrown upon the most 
secret processes of nature by well-contrived interrogation 
of her ".' 

It will be noticed that the Method of Diflference isj 
specially adapted to the discovery of the effect s of given 
causes, whereas, where it is our object to discover the ; 
cause of a giv en effect, we are generally compelled to ( 
have recourse to the Method of Agreement. The } 
Method of Agreement is, in fact, mainly a Method of ] 

" Mill't Logic, Bk. III. ch. viii. J I- I have been obliged, in accotd- 
ince with what hai been said on p. 143, to itate, with considerable 
modification!, the conclaiion in thii instance u arrived at by the Method 
of Agreement. The acconni of the application to it of the Method of 
DiSereDce has betn ilaled in Mr. Mill's own voids. 
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I Observation, whereas the Method ofPifFerenqg is ihainly 
a Method of Experiment. We may indeed arrange the 
conditions of an experiment so as to satisfy the require- 
ments of the Method of Agreement, and Nature may 
{as in the familiar case of lightning) herself satisfy the 
requirements of the Method of Difference, but, as a rule, 

!it will be found that arguments based on observations 
fall under the former, and arguments based on experi- 
ment s under the latter Method. It is hardly necessary 
to add that, wherever we have our choice between the 
two methods, we should invariably select the Method 
of Difference. 

In the employment of the Method of Difference, the 
, greatest care should be taken to introduce only one new 
, antecedent, or at least onl y one new anteced ent whic h 
I can mfluence the result. As the whole force of the 
argument tased on this Method depends on the assump- 
tion that any change which takes place in the phenome- 
non is due to the antecedent then and there introduced, 
I it is plain that we can place no reliance on our conclusion 
1 unless we feel perfectly assured that no other antecedent 
I has intervened. If, for instance, it is our object to 
ascertain the temperature of the atmosphere, we must 
take the greatest care that our thermometer is not affected 
by the heat radiated from or conducted by other bodies. 
The most curious examples of the disregard of this 
caution may be found in the History of Medicine. 
Something perfectly inert has been administered to a 
patient in combination with some powerful drug, some 
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important alterations in his diet, or some strict regime; . 
then the elTects of the drug, diet, or regime have been 
unwittingly ascribed to the inert substance. Had the 
ancients recognised that instead of one cause acting on 
felling bodies, as appeared to them to be the case, there 
were really two, the actio n of gravity tending downwards 
and the resista nce of jhe atmosphere pressing upwards, 
they could never Iiave faUen into the gross error of 
snppoang that bodies fall in times inversely proportional 
to their weights, 

DOUBLE METHOD OF AGREEMENT. 



Iflwo or more instances in which the phenomenon occurs 
have only me other circumstance in common, while two or 
more instances, falling viithin the same department of in- 
vestigation ", from which the phenomenon is absent have 
nothing in common save the absence of that circumstance; 

" In this aDd the list edition 1 have inserted in the statement of the 
Canon the woidi ' falling within the same deparlment of inrestigalioo,' 
because, ac hat been pointed out to me, the student might otherwiie 
not see thai, for the purposes of compaiison, the positive and negative 
initances must be in pari maleria. Thus, if the subject of enquiry ii 
language, the negative as well as the positive instances must be sought 
in the depattment of language ; or, if the subject of enquiry lies within 
the sphere of morals, or of physical forces, or of living organisms, the 
negative as well as the positive instances must be sought within those re- 
spective departments. Praclicallj, however, there is no occasion for 
definite niles on this head, a> the common-sense of the investigator i> 
quite nfficient to keep him within the limits of the enquiry. 
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. &al circumslance u the effect, or the cause, or a necessary 
part of the came, of the phenomenim. Moreover (supposing 
the requirements of the Method to be rigorously fulf lied), the 
circumstance proved by the Method to be the cause is the only 
cause of the phenomenon. 

The uncertainty attaching to the Method of Agreement 
may, even where it is impossible to have recourse to) the 
Method of Difference, be, to some extent, remedied by the 
/**- employment of what is called by Mr. Mill the Toint Method 
of Af^re^ment and Difference, or the Indirect Method of 
[Difference. This Method consists in a double emploj- 
[ment of the Method of Agreement and a comparison of 
the results thus obt^ned, the comparison assimilating it 
to the Method of Difference. We, first of all, compare 
■cases in which the phenomenon occurs, and, so far as we 
jean ascertain, find them to agree in the possession of 
|only one other circumstance. But, though we may not 
!be justified in regarding this inference as certain, we may 
lincrease our assurance by proceeding to compare cases 
)in which the phenomenon does not occur. If these 
agree in nothing but the non-yossessioq of the circum- 
stance which the other cases agreed in possessing, we 
have a set of negative, instances agreeing in nothing but 
the ab^ ^nce of the given phenomenon and the abs^ nffl 
of the aforesaid chcumstance. The set of negative 
instances may now be compared with the set of positive 
, instances, and we may argue thus : The £ osi tiyg in- 
; stances agree in nothing but the pre sence of the given 
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phenomenon and this other circumstance, and the nega-i 
live instances agree in nothing but the absence of the! 
given phenomenon and (his other circumstance. Hence | 

we may regard it as a highly probable mference that 
they are connected together as cause and effect We 
say 'highly probable,' for, as we are not absolutely 
certain that the conditions of the Method of Agreement 
have been satisfied in the case of the posit ive instances, 
so, from the extreme difficulty of proving a negative, 
we must be still less certain that they have been satisfied 
in the case of the negative instances. What (in addition 
to another advantage, to be noticed presentiy) is gained 
py the Method is a sort of double assurance , so far 
'ps the assurance goes. J/" the one set of instances 
agreed in nothing but the presence of the two circum- 
stances, and if the other set of instances agreed in 
nothing but the absence of the two circumstances, then 
we should be able to infer, by the Method of_Differenc£, 
that the introduction of the given phenomenon (which 
we will suppose to be the consequent) always follows 
on the introduction' of the other circumstance (which 
we will suppose to be the antecedent), and, vice versd, 
that the removal of the given phenomenon always follows 
on the removal of the other circumstance, or, in other 
words, that the given phenomenon is the effect and the 
other circumstance the cause. 

But this Method, supposing its conditions to be 
rigorously satisfied, possesses one advantage peculiar to 
itself. The Sngle Method of Agreement, as we have 
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seen, is always theoretically open to the objection arising 
from Plurality o f Causes, but this Method, if the set of 
. negative instances be perfect, h not only free from that 
' objection, but also sustains the conclusion that the in- 
ferred cause is the onl^ cause_ of the phenomenon in 
. question (or, in case we do not know which is ante- 
cedent and which is consequent, that a and b are so 
connected that one of them is die cause^and the onlj^ 
rause of _the other). ' In the joint method,' says Mr. 
Mill", 'it is supposed not only that the instances in 
which a is agree only in containing A, but also that Ihe 
instances in which a is not agree only in not containing 
A. Now, if this be so, A must be not only the cause of 
a, but the only possible cause : for if there were another, 
as for example B, then in the instances in which a is not, 
B must have been absent as well as A, and it would not 
be true that these instances agree only in not containing 
A.' It may be asked, then, if the negative branch of the 
argument be so forcible, why should we employ the posi- 
ttive branch f It is by means of the positive branch that 
we are, as it were, put on the track of the one other cir- 
cumstance in which the instances presenting the given 
I phenomenon agree, and by means of the negative branch 
I that we prove the accuracy of our conclusion. ' It is 
generally,' continues Mr. Mill, 'altogether impossible to 
work the Method of Agreement by negative instances 
without positive ones : it is so much more ditBcult to 
exhaust the field of negation than that of afiirmation.' 
» Mill's Logic. Bk. HI. ch. i. S i. 
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It is plain that the conditions of the Joint Method can 
only be rigorously fulfilled where there is an invariably 



conjunction between two phenomena, so that the two 
are (unless counteracting circumstances intervene) alw: 
present together and always ab sent together. For, if A 
be the on!)/ cause of a, the effect a cannot be present 
without the cause A, nor can the cause A be present 
without being attended by the effect o. Hence, invariable 
conjunction may be regarded as a sign that the con- 
ditions of this Method are fulfilled, and it is from the 
observation of such an invariable conjunction that the 
argument frequently proceeds. In such cases, the number 
of instances, both positive and negative, which have been 
observed, is supposed to be so great and of such variety 
as to have excluded all other common circumstances 
except the presence or absence of the two phenomena 
in question. 

The Joint Method of Agreement and Difference {or, 
the Indirect Method of Difference, or, as I should prefer 
to call it, the Double Method of Agreement) is being 
continually employed by us in the ordinary affairs of life. 
If, when I take a particular kind of food, I find that) 
I invariably suffer from some particular form of illness, ; 
wherMS, w hen I leave it off, I cease to suffer, I entertain ■ 
a double assurance that the food is the cause of my 
illness. I have observed that a certain plant is invariably { 
plentiful on a particular soil ; if, with a wide experience, '' 
I fail.ip fiad.iL£i:owmg,,on_any_ other soil, I feel con-' 
firmed in my belief that there is in this particular soil i 
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some chemical consmuent, or some peculiar combination 
of chemical constituents, which is highly favom^ble, if 
not essential, to the growth of the plant 

Dr. Wells' £ssqy on ihe Theory of Dew presents an 
extremely instructive instance of the application of the 
Double Method of Agreement : — 

' It appears ' (I am here quoting from Mr. Mill '') ' that the 
instances in which much.d.ew is deposit^4i .which are very 
various, agree in this, and, so far as we are able to observe, 

[in this only, that they either radiate heat rapidlj' or conduct^ 
it slowly; qualities between which there is no other circum- 
stance of agreement than that, by virtue of either, the body 
tends to lose heat from the surface more rapidly than it can 
be restored from within. The instances, on the contrary, 
.in which no dew, or but a small quantity of it, is formed, and 
which are also extremely various, ^ree (as far as we can 
observe) in nothing except in twt hay in g this same property. 
"We seem, therefore, to have detected the characteristic 
difference between the substances on which dew is produced, 
and those on which it is not produced. And thus have been 
realized the requisitions of what we have termed the Indirect 
Method of Difference, or the Joint Method of Agreement 
and Difference.' 

Several beautiful illustrations of the Joint Method of 
Agreement and Difference may be found in the recent 
discoveries made by means of Spectrum Analysis. 1 
1 shall select one which is peculiarly interesting on account 
of its employment in the attempt to determine the con- 



" Mill'i lA>git, Bk. III. ch. ix. S 3. 
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stitution of the sun and some of the other heavenly 
bodies. 

A ray of light proceeding from incandescent hydrogen. 



is passed through a prism, and it is invariably found that 
in the spectrum thus obtained there are two bright lines 
occupying precisely the same posidon. Moreover, rays 
of white light proceeding from various^ inc andescent sub - 
^Stances are passed through incandescent hydrogen, and I 
the emergent light is then broken up by a prism. In I 
the spectra thus obtained it is found that there are 
invariably two dark (or, under certain circumstances, 
bright*') lines occupying exactly the same positions in 
the spectrum as the lines above mentioned. Hence it is 
inferred, by the Method of Agreeme nt, that a ray of light, 
whether it proceed directly from incandescent hydrogen 
itself, or be t ransmitted through it from some other 
incandescent substance, will invariably produce these two 
lines. But, if we try the same experiments with any j 
other element than incandescent hydrogen, although we , 
may obtain bright or dark Lnes, we never find these \ 
lines occupying the same positions in the spectrum as j 
the two lines in question. ', 

Here, then, we have the negative instances of the 

" The darkness of the lines is doe to Iha property possessed by iQcan- 
descent media of absorbing lays of light of the same refranglbilily as 
those emitted by (hem. When the ateoiplion exerted upon the trans- 
mitted light is more thao compeniated by the luminosit}' of the hydrogen 
light, these lines, instead of being dark, appear bright, as is also the 
case when the laj of tight proceeds directly from incandescent bydrogen 
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} Double Method ; and it is inferred (subject, of course, to 
j the assumption that our knowledge of the negative in- 
■' stances is sufficiently complete) that the presence in t he 
spectrum of th ese two J ine s.is invariably due either to_a_ 
of light proceeding dir ectly frnm inrandpsrpnl: hydrn- 
gen, o r to a ray transmitted t hr ough it from some other 
incandescent substance; that is to say, that one or other 



of these is flie^^augC) and the oh/j- ^ai^e of the presence 
in the spectrum of these two particular lines. When 
these lines are bright, it is doubtful whether the rays 
proceed directly from incandescent hydrogen or have 
been transmitted through it, but, when they are dark, 
the rays must have been transmitted. Wherever, there- 
fore, two dark lines occupying these positions occur in 
the spectrum we may infer (deductively) the passage 
of the ray of light through a medium composed wholly 
or partially of incandescent hydrogen. But we detect 
such lines in the jpe^ruin of _th e _sun and, several of 
_th,e_starsj and hence (unless we suppose it possible or 
not improbable that there is in the sun or other stars 
some element agreeing in this respect with hydrogen, 
1 but differing in others) we may conclude that _the_3im 
: and these other stars are surrounded with an atmo- 
I sphere. .of Jiicandescent hydrogen", 

*■ It muEt be updeTttood that, ia thii eiimple, 1 have not itated the 
historical tlepi by nhich the diicOTery wai aiiired at, but um[Jy 
attempted to girt » logical anilytit of the aiguments bj which it would 
now be ettabliibed. It may be added that the lines in quutiou are 
kqowD as C aud F ia the solar spectmni. li wu the exact coiaddeace 



DOUBLE METHOD OF AGREEMENT. 165 

The following examples are selected from a subject of 
a widely different character, the History of Language. 
M. Auguste Brachet, in his Historical Grammar of the 
French Tongue^, lays down the position that there are If 
three sure tests by which we can discriminate between! 



Latina rustica) by a regular process, and Latin words of',^ 
learned origin impor ted 'nto^ Modem^ench by scholars, j 
These tests are (1) the continuance of the tonic accent ; 
(3) the suppression of the short vowel ; (3) the loss of the 
middle or medial consonant. It will be seen that it is by 
the employment of the Double Method of Agreement 
that M. Brachet arrives at these conclusions. 

'Look at meh woids (i.e. wtrilt nf popular ijtinp^ carefully, and jou 
will sec that the syllable accented in Latin conlinuei to be so in Fiench; 

contiauince of tbe accent is a general and alnolute lnw: all wocds be4 
longing to popular and real French respect the Latin accent: all such)' 
words at portiqae from p6rtlaua, or vialique from iriiticum, which 
break .thii law, will be foand to be of learned origin, inlroduced into tbe 
bngoage at a titer lime by men who were ignorant of the laws which 
nature had imposed on the transformation tioni Latin to French. We 
may lay it down as an infallible law, that The Lalin acani eonlintaijn 

of the bright lines in the hydrogen spectrum with the dark lines C and 
F in the solar spectrum, which first led to the belief that hydrogen eaten 
into the constitution of the solar atmosphere. It is now, however, ren- 
dered posuble, through an ingenious contriiance, lo separate, as it were, 
the solar atmosphere from the glowing body within it, and thus to obtain 
thete lines bright instead of dark. The student will find a brief accODDt 
of these discoveries in Professor Stokes' Address to the British Association 
in 1869. 
" Mr. Kilcbin's Ttansbtion, p. 33. 
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Frtnc li in all words of po plar ori gin : ail words ahick violati Ms taw 
art of Iiarrud origin; thuj — 



Angelua 


dng. 


angtl^ 




btimt 




C&noer 


tAdnert 






^Smpu 


compi, 


DJbitum 


diltt 


dibit 


Dioima 


dimt 


ddeime, &c. 



' We have seen that the tonic accent ii a lure toncbitone by which to 
I distinguiih popniac liom learned wordi. There is another meant, as 
I certain, by which to recognise the age and origin of woidi— .the lost of 
jlhe ihort vowel. Et«; Latin word, as we have said, u made np of one 

accented vowel, and others not accented — one ionic and otheri atonic. 

The tonic always remains ; but of the atonies tie short voittl, lehick 

immediately precedes Ike Ionic votiiit, aluiays disappears in French : 

11 in— 



Bon(I)tAtoni 


bonii 


Ban<!l)Wtem 


saali 


Fo.(l)tflp» 


posture 


Cliir(l)tStem 


clarli 


BepCfl)in4jia 


s™=<«CO.Fr.s,|f™,i«) 


Oom(I)titiia 


comli 


PopCfi)Utn» 


peupU, &c. 


• Words such as cirader, droolfiro, 


. which break this law and keep 


the short vowel, are always of learned o 


iripn; all worJs of popular origin 


lose .it, as cercier. This will be seen from the following examples :— 



AiiB(tt)lataB angU anguU 

BlaspliCd)mAie blamer (O. Ft. Uasmtr) Masphimir 

Cap(I)t(U.a cheplel capital 

CiCT(,I)titein chirtd eharili 

ClM(fl)Ure cereler cirdler, &x. 
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' The tbird characterielic, serving to diidnguiih populir from leamed 
wordi, ii the lost of the medial conjonant. J. e. of the consonant which 
tlands between two vowels, like the t in maMnu. We will at once 
give the law of this change; — Ail French aorJi ahich drop the medial 
t onsoaant are fiotml nr in nn faf "ifiH' "mrds ofltamed orj/fm niain il. 
Thus the Latin Tocalis becomes, in popular French, noyellt, in learned 
French, voccde. There are innumerable examples of this : as — 



An(g)lS8tna aoAi augusie 

AdTo(c)6tiia ovDii^ avocai 

Aiiti(ph)6iia anlitane aalipkont 

Cre(d)6iitiB crianct cridenci 

Coniiiiaiii(o)£re eomimmier comrnuniquer. Sic' 

The requisitions of the Double Method of Agreement 
may be far from being rigorously fulfilled, and still 
two phenomena may be so freqn ently pres ent t ogethei 



and so frequen tly, ab sent t ogethe r^ that we may be justi- 
fied in suspecting some causal connexion between them. 
Unless they were invariably absent together, as well as' 
invariably present, and unless they were the on!^ cir- 
"cumstances which were invar iably present and absent^ 
tf^ether, we should not be justified in regarding one as 
the cause, and the only cause, of the other ; but the mere [ 
detection of the fact that they are freguentlv present and; 
absent together may justify us in believing that there! 
is between them some causal connexion. The precise j 
character of this causal connexion may hereafter be! 
determined by one of the other inductive methods, or • 
by bringing the case under a previoas dedaclton. Thei 
following instances will serve as illustrations of what has . 
been here said. 
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Sir John Herschel conceives diat he has detected a 
connexion between a full moon and a calm night: ' The 
only effect distiDctly connected with its [the m oon's^ 
position with regard t o the sun, which can be reckoned 
upon with any degree of certainty, is its tendency to clear 
the sky of cloud, and to produce not only a serene but a 
afim night, when so near the full as to appear round to 
the eye — a tendency of which we have assured ourselves 
by long-continued and registered observation.' The pre- 
cise nature of the causal connexion can here be deter- 
mined : ' The effect In question, so fer as the clearance 
of the sky is concerned, 13, traceable to a distinct physical 
cause, the warmth radiated from its [the full moon's] 
highly-heated surface ; though why the effect should 
not continue for several nights after the full, remains 
problematic '",' 

In this example, there is not, of course, an invariahU 
connexion between the clear night and the full moon ; 
for, in the determination of the weather, there are so 
many and so various causes at work that they must 
I necessarily modify or counteract each other. The moon 
j might exercise considerable influence, might, as Sir John 
■ Herschel says, have a lendeneji to produce a calm night 
J and still be overpowered by other influences, jt is snffi- 
i dent, in order to lead us to suspect some caus al conne x- 
■ion betwen the two phenomena, that we should find a 
calm night proportion ably often er, and o fiener in a c on- 
j siderable proportion, when there is a fiiU moon than 
•• Herschel'i Familiar Ltclares on Seientijic Subjids, pp. 146, 1^7. 
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when there is not. Thus, suppose that, after a long 
series of observations of nights when there is a full 
moon, we find the proportion of calm nights to nights 
which cannot be called calm to be as 5 to 2 (I am, of 
course, taking an imaginary case), and the proportion on 
ordinary nights to be as 3 to a, there can be little doubt 
that the full moon is, in some way or other, connected 
with the larger proportion of calm nights. 

The employment of the Double Method of Agreement 
may lead to the detection of facts of causation in many 
instances of a similar kind. Thus, suppose that, in a 
particular part of the country, a J^ticular wind is_ found 
to be proportionably oftener attended with rain than 
other winds, we begin to suspect that there is some 
causal connexion between rain and this wind, so that, 
when the wind blows, we may expect rain, at least with 
more confidence than when other winds blow ; and, if the 
proportion in which rain accompanies this wind be much 
greater than that in which it accompanies other winds, 
our expectation is proporlionably strengthened, and we 
have no hesitation in speaking of the quarter from which 
the wind blows as 'the rain^jjuarter/ In this case, the 
cause is, of course, to be sought in the character of the 
tract over which the wind blows. Similarly, if, after 
sufficiently long observation, we find the death-rate in 
some particular place decidedly larger than in the sur- 
rounding neighbourhood, we have no hesitation in ascrib- 
ing the fact to some peculiarity either in the place or the 
population, and we at once begin to consider whether 
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there is anything exceptional in the soil, the climate, the 
habits or occupations of the people, and the Uke, which, 
either alone or in conjunc^on with other circumstances, 
would account for the phenomenon. 

In all cases of this kind, we are, as it were, set on the 
track of a cause by discovering that some phenomenon is 
present in a proportionably greater number of instances 
when some other phenomenon is present than when it is 
absent. The cause itself may hereafter be detected either 
toj??* of the other induc tive methods, or by bringing the 
case under a previous deduction. Thus, we know that 
the surface of that part of the moon which we call 'full' 
is highly heated, and that it is the tendency of warmth 
radiated from a highly-heated surface to clear the atmo- 
sphere. Hence the series of observed phenomena is, 
in this case, accounted for by being brought deductively 
under previous inductions. 

METHOD OF RESIDUES. 

CANOK. 

SuUracl from any phenomenon such pari as is known 
to he the effect of certain antecedents, and the residue of the 
phmommon is the effect of the remaining antecedents. 

If the antecedents are A, B, C, D, and the complex 
phenomenon can be resolved into the consequents a, 0, 
y, h, f, of which y, 8, « are ascertained by prevjous induc_-_ 
tions or deductions to be due to C, D, then the remsun- 
ing consequents a, |8 must be referred to the remaining 

D.-r-c.-LiOOglC 
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antecedents A, B, Given that the t otal result is due to aj 
certain number of antecedents, and that part of the resultl 
is due to a portion of those antecedents; the residuc j 
of the result must necessarily be due to the jemainin_gi 
antecedents. This rule appears so obvious as to bej 
hardly worth stating; it has, however, as will be seen 
from the examples given below, been mainly instrumental 
in leading to many of the most important discoveries of 
modem times. ' It is by this process, in fact,' says Sir 
John Herschel ", ' that science, in its present advanced 
state, is chiefly promoted. Most of the phenomena which 
nature presents are very complicated; and when the 
effects of all known causes are estimated with exactness, 
and subducted, the residual facts are constantly appearing 
in the form of phenomena altogether new, and leading 
to the most important conclusions.' 

There is one difficulty connected with this Method. 
Subtraction being a dedu ctive process, why is the MethodI 
of Residues included among the jnductive. methods f The| 
Method, it must be confessed, is rather of a deductive 
than an inductive character, but as, in assigning the re- 
sidual consequ ent to the j-esidual antecedent, we assume 
the Law of Universal Causation, and as, moreover, the 
method is generally applied to the result of previous in-l 
_duclions and j;enerally suggests subsequent inductions, '\t 
may vindicate its claim to discussion in this place. It isi 
by induction that we ascertain that y, i, t are due to C, D ; 
by the Method of Residues we determine that the re- 
" Diseoura or iht Sivdy of Natvrcd Philosophy, % 158. 
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maining consequents o, /3 must be dne to the remaining 
antecedents A, B ; we tlien generally proceed to decide 
by one of the Other inductive methods which of the 
remaining consequents is due to which of the remaining 
antecedents. 

The following are instances of the employment of the 
Method of Residues, and it will be noticed that the 
science of a stronomy is peculiarly rich in such ex- 
amples '* : — 

'The planet Jupiter is attended by four satellites which 
revolve round it ia orbits very nearly circular, and whose 
dimensions, forms, and situations with respect to that of the 
planet itself are now perfectly well known. The periodical 
times of their respective revolutions are also ascertained with 
extreme precision, and all the particulars of their motions 
have been investigated with extraordinary care and persever- 
ance. The three interior of them are so near the planet, and 
the planes of their orbits so little inclined to that in which it 
revolves round the sun, that they pass through its shadow, 
and therefore undergo eclipse, at every revolution. These 
eclipses have been assiduously observed ever since the dis- 
covery of the satellites, and their times of occurrence regis- 
tered. As they afford a means of determining the longitudes 
of places, the prediction beforehand of the exact times of their 
occurrence becomes an object of great importance : and it is 
evident enough that, all the particulars of their motions being 
known (as well as of that of the planet itself, and therefore of 

" In Ihe first ind second editioni the acceleration (or diminution of 
the periodic times) of Enckc's cornel (see Heiichel's Diicourse on tin Study 
of Natural Philosophj, i 1 59) was given as an eiimple of residual phe- 
nomena. The cause of ibii phenomenon is, Howerer, to doubtful, that 
I have thonght it t>eit to omit the iutance in the later editions. 
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the size and situation of its sliadow), there would be no diffi- 
coity in malting such prediction (starting from the time of 
some one observed eclipse of each as an epoch) ; provided alwayt 
each eclipse were iteit at the identical Moment <tuben it acttiatly 
happened. Moreover, on that supposition, the times recorded 
of all the subsequent eclipses ought to agree with the times so 
predicted . This, however, proved not to be the case. The 
obse ^ i^ e ^ times were s ometimes earlier, sometimes later than 
the predicted ; not, however, capriciously, but according tc 
a regular law of increase and de crease in the amount of dis- 
cordance. the difference either way increasing to a maximum. 
— then diminishing, vanishing, and passing over to a maxi- 
mum the other way, and the total amount of fluctuation to 
and fro being about 16™ 27". Soon after this discrepancv 
between the predicted and observed times of eclipse was 
noticed, it was suggested that such a disagreement would 
necessarily arise if the transmission ofUght 



t a n eous, This suggestion was converted into a certaiiHy' 
Roemer, a Danish astronomer, who ascertained that they 
always happened earlier than their calculated time when the 
earth in the course of its annual revolution a pp roached 
nearest to lupiter^ andjater when r ecedin g farthest: so that 
in effect the ^slreip^ d ifference of. the errors or total extent 
of fluctu^tiofl — the ifi™ 27' in question — is no other than the! 
t ime taken by l igh t to tra vel pyerUie djameter of the earth's' 
or b it., that being the extreme difference of the distances ofj 
the two planets at different points of their respective revolu-j 
tions. At present, in our almanacs a due allowance of timej 
for the transmission of light at this rate, assuming a uniform 
velocity, is made in the calculation of these eclipses; and the 
discrepancy in question between the observed and predicted 
times has ceased to exist ",' 

The circumstances which led to the discovery of the 
" Hctichel't Familiar Lecturts aa Scimtific Subjlels, p. 116, &c. 
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planet Neptun£ furnish, perhaps, the most striking in- 
stance of the employment of the Method of Residues. 
I From the year r8o4 it had been noticed that the__orbit 
1 of the planet Uranus was subject to an amount of^er- 
[ turbation which could not be accoimted for from the 
I influence of the known planets. 

'Of the various hypotheses formed to account for it (the 
perturbation), during the progress of its development, none 

t seemed to have any degree of rational probability but that of 
the existence of an exterior, and hitherto undiscovered, planet, 

' disturbing, according to the received laws of planetary dis- 
turbance, the motion of Uran ns by its attraction, or rather 

, superposing its disturbance on those produced by Jupiter and 
Saturn, the only two of the old planets which exercise any 
sensible disturbing action on that planet. Accordingly, this 
was the explanation which naturally, and almost of necessity, 
suggested itself to those conversant with the planetary per- 
turbations who considered the subject with any degree of 
attention. The idea, however, of Sg ttJng out from the ob- 
serv ed anomalous deviations, and employing them as data 
to ascertain the distance and situation of the unknown body, 
or, in other words, to resolve the inverse problem of pertur- 
bations, ".^ rwlr t he diiturbances l" J^^^ Ibf^riiljand^ace in 
that orbit qf the diilurbin^ flanet" appears to have occurred 
only to two mathematicians, Mr. Adams in England and 
M. Leverrier in France, with sufficient distmctness and hope- 
fulness of success to induce them to attempt its solution. 
Both succeeded, and their solutions, arrived at with perfect 
independence, and by each in entire ignorance of the other's 
attempt, were found to agree in a surprising manner when 
the nature and difficulty of the problem is considered ; the 
calculations of M, Leverrier assigning for the heliocentric 
longitude of the disturbing planet for the ijrd Sept. 1846, 
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126' o', and those of Mr. Adams (brought to the same date) 
329° 19', dWering only 3° 19'; the plane of its orbit deviating 
very slightly, if at all, from that of the ecliptic. 

' On the day above mentioned — a day for ever memorable 
in the annals of astronomy — Dr. Galle, one of the astronomers 
of the Royal Observatory at Berlin, received a letter from 
M. Leverrier, announcing to him the result he had arrived 
at, and requesting him to look for the disturbing planet in 
or near the place assigned by his calculation. He did so, and 
on that -vtry night actually found it. A star of the eighth mag- 
nitude was seen by him and by M. Encke in a situation where 
no star was marked as existing in Dr. Bremiker's chart, then 
recently published by the Berlin Academy. The next night 
it was found to have moved from its place, and was therefore 
assuredly a planet. Subsequent observations and calculations 
have fully demonstrated this planet, to which the name of 
Neptune has been assigned, to be really that body to whosei 
disturbing attraction, according to the New t onian law_ 
j ^avitv. the observed anomalies in the motion of Uranus wi 
owing ".' 

Besides furnishing an instance of the method of Residues, 
the above example is also a happy illustration of the com- 
bination of dedu ction with observati^_ which has been 
so eminently fertile in astronomical research. 

'Almost all the greatest discoveries in astronomy have re- 
sulted from the consideration of what we have elsewhere 
termed r esid ual phenomena, of a quantitative or numerical 
kind, that is to say, of such portions of the numerical orj 
qnantitative results of observation as remain outstanding and' 
unaccounted for after subducting and allowing for all that' 
would result from the strict application of known principles ". { 

" Htrtchers Outlines 0/ Astronomy, Fourth Edition, 55 767, 768. 
" A rciy (trikiag example of the emptoyment of the Method of Rtu- 
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It was thus that the grand discovery of the precession of the 
equinoxes resulted, as a residual phenomenon, from the im- 
perfect explanation of the return of the seasons by the return 
of the sun to the same apparent place among the fixed stars. 
I Thus, also, aberration and nutatbn resulted as residual phe- 
nomena from that portion of the changes of the apparent 
places of the fixed stars which are left unaccounted for by 
precession. And thus again the a^arent prop er motions o f 
the sta rs are the observed residues of their apparent move- 
ments outstanding and unaccounted for by strict calculation 
of the effects of precession, nutation, and aberration. The 
nearest approach which human theories can make to per- 
fection is to diminish this residue, this caput martuum of 
observation, as it may be considered, as much as practicable, 
and, if possible, to reduce it to nothing, either by showing 
that something has been neglected in our estimation of 
known causes, or bf reasoning upon it as a new fact, and on 
the principle of the inductive philosophy ascending from the 
effect to its cause or causes".' 

I' Many of the new elements of chemistry have been 
detected in the investigation of residual phenomena. Thus, 
I Arfwedson discovered jithia by perceiving an excess of iveigbt 

iin the sulphate produced from a small portion of what be 
conwdered as magnesia present in a mineral he had analysed. 
It is on this principle, too, that the small concentrated residues 
1^ great operations in the arts are almost sure to be the lurking 
places of new chemical ingredients : witness iodine, brome, 

duet ii to be foupd in the recent investigations by which Mr. Huggins 
has ifaown ihat (he (light deviation of the liaei C and F ia the tpeclrum 
of Eiriiu it to be accounted for on the lupposilion tliat the lolar syitem 
and that itar are mutually receding from each other at the late o( 19'4 
miles a second. A brief account of thii (peculation may be found in 
Professor Stokei' Addreu before the Britiih Aiiodalion in 1869. 
" Henctiel's Outliiits (/ Aslroaoniy, i Sjfi. 
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selenium, and the new metals accompanying plattna in tlie 
experiments of WoIIaston and Tennant, It was a happyi 
thought of Glauber to examine what everybody else threwi 

'The unforeseen effects of changes in legislation, or of 
improvements in the useful arts, may often be discerned by 
the Method of Residues. In comparing statistical accounts,! 
for example, or other registers of facts, for a series of years, 
we perceive at a certain period an altered state of cirmm' 



stances, which is ungg p lained p j the op^iii^^-y ^g^irs e fif 
CTcnts , but which ^ miut h ave somfi-caiise. For this residuary 
fhmomenon, we seek an explanation until it is furnished by the 
incidental operation of some collateral cause. For example, 
on comparing the accounts of live cattle and sheep annually 
sold in Smithfield market for some years past, it appears that 
there is a large increase in cattle, while the sheep are nearly 
station ary. The consumption of meat in London may be 
presumed to have increased, at least in proportion to the 
increase of its population ; and there is no reason for sup- 
posing that the consumption of beef has increased faster than 
that of mutton. There is, therefore, a residuary pheno- 
menon — viz, the stationa ry num bers of the sheep sold in 
Smithfield — for which we have to fmd a cause. This cause is 
the increased transport of dead meat to the metropolis, owing 
to steam navigation and railways, and the greater 
of sending mutton tlian beef in a slaughtered stati 

' Again ; on comparing the consumption of wjng with that of 
spirits and beer in England during the last sixty years Ifc we 

" Herjchel's Discowsi on the Study of Natural Philosophy, % 161. 
" Thii piisage wis wrilten in 1852. Since that lime, owing to ihfl 
redoclion of the dnliei, the greater familiatitj of Englifhmen wilb foreign 
coDDlriei and liabitt, and, pe[]ia{w, the tatle for a more rsGncd ityle of 
liTing, the coosuniptioii of wine has enorniouily increased (Fint Edition, 
1370). On the other hind, owing to the spread of Temperance Societiet, 
K 
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find that the fonner has remained stationary, while the latter 
has undergone a great increase. The general causes, such as 
increase of population and wealth, which have increased the 
consumption of spirits and beer, have not increased the con- 
sumption of wine. For this residuary phenomenon, a special 
cause must be sought ; and it may be found principally in the 
alteration of habits among the upper classes with respect to 
drinking ".' 

I shall conclude my instances with what Sir John 
{Herschel truly calls 'a very elegant example,' the differ- 
i ence between the observed and calculated velocities of 
[sound. I quote from Professor Tyndall's Lectures on 
Sound: — 

[ now come to one of the most delicate points in the 



whole theory of sound. The velocity through air has been 
determined by direct experiment; but knowing the elastJcitT 
and density of the air, it is possible without any esperiment 
at all to calculate the velocity with which a sound-wave is 
transmitted through it. Sir Isaac Newton made this cal- 
culation, and found the velo city at the freezing temperature 
to be 916 feet a s econd. This is about one-siKth less than 
actual observation bad proved the velocity to be, and the 
most curious suppositions were made to account for the dis- 
jcrepancy. Newton himself threw out the conjecture that it 
was only in passing from particle to particle of the air that 
sound required time for its transmission ; that it moved in~ 
stantaneously through the farticlei tbttnifl-ves. He then sup- 
posed the line along which sound passes to be occupied by 
air-particles for one-sixth of its extent, and thus he sought to 

and of more leiupcrate hibiti in all classes of the popoiilion, the cod- 
sumption of aU alcoholic drinks is now (1883) rapidly diminiihinE. 

" Sir George Coinewall Lewis on the Mithods of Observalioa anit 
(Uasoaing in PtJilKs, vol. i. p. 356. 
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make good the missing velocity. The very art and ingenuity 
of this assumption were sufficient to ensure its rejection ; 
other theories were therefore advanced, but the great French 
mathematician Laplace was tlie first to completely solve the 
enigma. I shall now endeavour to mate you thoroughly 
acquainted with bis solution. 

' 1 hold in my hand a strong cylinder of glass, accurately 
bored, and quite smooth within. Into this cylinder, which 
is closed at the bottom, fits this air-tight piston. By pushing 
the piston down, I condense the air beneath it ; and when I 
do so heat is developed. Attaching a scrap of amadou to the 
bottom of the piston, I can ignite it by the heat generated by 
compression. Dipping a bit of cotton wool into bisulphide 
of carbon, and attaching it to the piston, when the latter is 
forced down, a flash of light, due to the ignition of the bisul- 
phide of carbon vapour, is observed within the tube. It isj 
thus proved that, when air is compressed , he at is generate d-! 
By another experiment, I can show you that, when air is rare- ' 
jiedj cold is developed. This brass bos contains a quantity of 
condensed air. I open the cock, and permit the air to dis- 
charge itself against a suitable thermometer ; the sinking of 
the instrument declares the chilling of the atr. 

'AH that you have heard regarding the transmission of a 
sonorous pulse through air, is, I trust, still fresh in your 
minds. As the pulse advances, it squeezes the particles of air i 
together, and two results follow ^ from this ^ C 9m [>ressiqn gfjhg^i 
air. Firstly, its elasticity is augmented through the mere 
^i,^ianentation of its density , Secondly, its elasticity is aug- 
mented by the heat developed by compression . It was the I 
change of elasticity which resulted from a change of dens ity 
that Newton took into account, and he entirely overlooked 
the augmentation of elasticity due to the second cause above 
mentioned. Over and above, then, the elasticity involved in 
Newton's calculation, we have an additional elasticity due to 
changes of temperature produced by the sound itself. When _ 
N 2 
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both are taken into account, the calculated and the ol^nred 
Telocity agree perfectly ".' 

It is not necessary, for our purposes, to pursue the 
qnotation, but the student who wishes to see ah example 
of the extreme delicacy and caution with which it is 
requisite to conduct physical researches, may with great 
advantage read the remainder of the chapter. 



METHOD OF CONCOMITANT VARIATIONS. 



Whatever phenomtnon varies in any manner whenever 
another phmomen<m varies in some particular manner, is 
either a cause or an effect of that phenomenon, or is connected 

with it ihrotigh some Jact 0/ causation". 

This Method is really a peculiar application, or series 
of applications, of the Method of DifTerence. It is em- 
j ployed in those cases where a phenomenon cannot be 
made to disappear altogether, but where we have the 
power of^ugmenting or diminishing its quantity, or at least 
where Nature presents it in greater or smaller amounts. 
'Thus, suppose we drop a quantity of quicksilver into a 
glass tube, we shall find that every sensible augmenta- 
tion of the temperature of the surrounding atmosphere 
is accompanied by a sensible augmentation of the volume 
** Lictura on Sound, ch. i. 
" On p. igj vill be found a rider to thii Canon. 
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of the quicksilver in the tube, and, vice versd, that every 
sensible diminution of the temperalure is accompanied 
by a sensible diminution of tfie volume of the quicksilver. 
Now each particular experiment is an application of the 
Method of Difference, and, providing we have ascertained 
that the conditions of that Method have been rigorously 
satisfied, partakes of its cogency. That certain definite 
augmentations of temperature will increase the volume of 
quicksilver by, say, one-twentieth, one-thirtieth, or one- 
fiftieth part, is an absolutely certain inference, supposing 
due care to have been taken in the perfonnance of the 
experiments, and is simply a result of the Method of 
Difference. But, inasmuch as there are limits above and 
below which we cannot try the experiment, or inter- 
mediate points of temperature at which we do not find 
it convenient to do so, the question arises whether we 
are justified, in virtue of the experiments aheady tried, ii 
asserting that the volume of the quicksilver will jnvariabl] 
expand or contract in proportion to the increasing 
or diminishing temperature of the Eurrounding media. 
We are justified in making such an assertion, and for 
this reason. The cause which occasions the quicksilver 
to expand or contract a^J^wo definite paints must, if it 
continue to act, and if it be counteracted by no other 
cause, operate at^ali intermediate points.; and, similarly, 
the cause which occasions it to expand or contract .uji 
to 4 c ertain point must, on the same suppositions, go on 
producing a Lke effect This fact is implied in the very 
notion of Causation. We arrive, then, at the conclusion 



«r7i^^^^. 



;XiOOglc 



l84 IXDUCTIVE METnoDS. 

\ that the volume of the quicksilver is invariably de- 
\ pendent on the t^nperature of the surrounding medium ; 
I in other words, that augmentation of temperature is /fe 
j cause of its expansion *', 

It may be asked, Why not employ the Method of 
Di fferen ce once. and for all? Because, ex hypothesi, the 
Iphenomenon is one which is only capable of auynenta.- 
|tLon or diminution, and cannotbe made to vanish. Wc 
may reduce to a minimum the re sistan ce to motion, but 
we cannot remove the resistance altogether. We may 
more and more dimini sh the heat of a body , but we 
cannot wholly deprive the body of its heat. Hence we 
^an apply the Method of Difference to the several aug- 
mentations and diminutions of the phenomenon, but we 
cannot apply It to the phenomenon as a whol e. 

In the example given above, we know that augmenta- 
tion of temperature and augmentation of volume are 
related as ca use and effectj because, in the experiments, 
we can assure ourselves that they a re the only two cir- 
cumstances which vary in common ; if we were not 
certain of this fact, there might be some third circum- 
stance which was the cause of both. Moreover, we know 
that augmentation of temperature is the causa and aug- 
mentation of volume the effect, because, in this case, the 
former is the antecedent and the latter the consequent. 

" The undent acquainted wilh the phr»i«o1ogy of Malhemitics will 
lundentand my meamng, when I say that the Method of ConcomitaDt 
IVariitiont is really an integialioa of a (supposed) infinite number of 
j applications of the Method of Difference, 
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There is another class of cases where, though we are not 
able to determine ^JjjcjLof two circumstances is cause 
and which is effect, we may regard the relalwn_ as being 
one of cause and effect , inasmuch as we feel confident 
that there is present no third circums tance varying 



portionately with the other two. But, if we cannot be 
confident even of this &ct, the two circumstances may, 
for aught we know, both b e effects ^f [J ^g fi ftiB f pansi' ■ 
as, for instance, the loudness of a clap of thunder varies 
with the intensity of a flash of lightning, though neither 
is the cause of the other, both alike being effects of the 
electrical condition of the atmosphere. Hence will be seen 
the importance of the concluding words of the Canon, ' or is 
connected with it through some fact of causation.' Tho 
first and second cases differ from the third in this, that 
in both of them we suppose a rigorous fulfilment- of the 
requisitions of the Method of Difference as applied to those 
individual observations or experiments on which theMethod 
of Concomitant Variations is founded, and which it, as it 
were, sums up. In the last case, however, we suppose 
that there is some uncertainty as to whether the requisi- 
tions of the Method of Difference have been rigorously 
fulfilled or not. It will thus be seen that the statement 
of the Canon, as given above, is adapted to the weakest 
case. I may add to it the following rider : — ■ 

1/ we can assure ourselves thai there is no third pheno- 
menon vafyinff concurrently with these two, we may affirm 
thai the one phenomenon is either a cause or an effect of 
the other. 



INDUCTIVE METHODS. 



The Method of Concomitant Variations may be used 
for two purposes, either to establish a causal connexion, 
or to deteimine the law according to which two pheno- 
mena vary. Thus, it may either establish the fact that 



;^^ increase of temperature causes quicksilver to expand, 

'- or it may detennine the exact rate according to which 
i this expansion takes place, a determination which is, in 
j fact, effected by the ordinary thermometer. In the latter 
case, the application of the Method is not confined to 
;,f2^ those ^grmanent natural agents referred to above,_the_ 

i influence of which we^annot„alt o f;ether r ejnoye ; it may 
come in as supplementary to the Method of Difference. 
Thus it is by the Me thod o f Di ffereiice that we discover 
that certain kinds of impurity in the atmosphere produce 
cert^n kinds of disease, but, if we could ascertain the 
relation subsisting between the amount of impurity in 
the atmosphere and the amount of disease, it would be 
by an application of the JUethod of Conco mi t ant Vari- 
ations. 

In the latter class of enquiries, the attempt to determine 
the numerical r ela tion s according to which two pheno- 
i mena vary, the utmost caution is required as soon as 
' our inference outsteps the hmits of our o bservations . In 

I the first place, there is always the possibility of the in- 
tervention of some counteracting cause. In the case of 
'water, we found that, at 39°, instead of continuing to 
contract as it becomes colder, it ceases at that point to 
■do so, and thenceforward begins to expand. 'No Cpun- 
teracting cause intervening' is, however, a qualificatioo 
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with which we must understand all our inductions, by 
whatever method they may have been arrived at. But] 
there is an element of uncertainty which is peculiar to 
the Method of Concomitant Variations as applied to 
determine the law or rale of variation between two 



phenomena, especially when the range of our observations 
is confined within comparatively narrow limits. ' Any 
one,' says Mr, Mill", 'who has the slightest acquaint-^*^- 
ance with mathematics, is aware that very diff erent laws 
oF_y^ jgtjflp may produce numerical results whidi difi'er 
but slightly from one another ^jjttjj ri narrow limits ; and 
it is often only when the absolute amounts of variation 
are considerable, that the difference between the results 
given by one law and by another becomes appreciable. 
When, therefore, such variations in the quantity of the 
antecedents as we have the means of observing are small 
in comparison with the total quantities, there is much 
danger lest we should mistake the numerical law, and 
be led to miscalculate the variations which would take 
place beyond the limits; a miscalculation which would 
vitiate any conclusion respecting the dependence of the 
effect upon the cause, that could be founded on those 
variations. Examples are not wanting of such mis- 
takes. " The formulEB," says Sir John Herschel, " which 
have been empirically deduced for the elastic ity of 
^S£.am.(till very recently), and those for the resista nce 
offluids, and other similar subjects," when relied on 
beyond the limits of the observations from which they 
," Mm-iioff/(, Bk. lll.ch. viiLI 7. 
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were deduced, "have almost invariably failed to support 
the theoretical structures which have been erected on 
them."' This, however, it must be noticed, is an un- 
cgjlajaly, which does not viti ate the method, but simply 
renders necessary the exercise of the utmost caution in 
its application. 

Perhaps no simpler instance of the Method of Con- 
comitant Variations can be given than the experimental 
proof of the First Law of Motion, which I^w may be 
j stated thus : that all bodies in motion continue to move 
; in a straight line with uniform velocity until acted upon 
'■ by some new force. 

**^ 'This assertion,' I am quoting from Mr, Mill", 'is in 
open opposition to first appearances ; all terrestrial objects, 
when in motion, gradually abate their velocity and at last 
stop ; which accordingly the ancients, with their inducth per 
enumcrationem simplicem, imagined to be the law. Every 
moving body, however, encounters various obstacles, as 
friction, the resistance of the atmosphere, &c,, which we 
know by daily experience to be causes capable of destroying 
motion. It was suggested that the. whole of the retardation 
might be owing to these causes. How was this enquired into ? 

(If the obstacles could have been g^tirel y ^ remove^^, the case 
would have been amenable to the Method of Difference. 
They could not be removed, they could only be diminished. 
and the case, therefore, admitted only of the Method of 
Concomitant Variations, This accordingly being employed, 
' it was found that every diminution of the obstacles diminished 
I the retardation of the motion : and, inasmuch as in this case 
I (unlike the case of heat) the total quantities both of the 

" MiU'i Logic, Bk. III. ch. viii. } 7. 
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antecedent and of the consequent were known, it was prac-\ 
ticable to estimate, with an approach to accuracy, both the 
amount of the retardatiob and the amount of the retarding 
causes or resistances, and to judge how near they both were 
to being exhausted; and it appeared that the eSect dwindled 
as rapidly [as the cause], and at each step was as far on the road 
towards annihilation as the cause was. The simple oscillation 
of a weight suspended from a fixed point, and moved a little 
out of the pterpendicular, which in ordinary circumstances lasts 
but a few minutes, was prolonged in Borda's experiments to 
more than thirty hours, by diminish ing as much as possible 
th e fric tion at the_EOint_qf_sflaitsaaiaa, and by making the 
body oscillate in a sp^ce exhausted as nearly 



its air. There could therefore be no hesitation in assigning 
the »^Q!sj)f the retardation of motion to the influence of the 
obstacles : and since, after subducting this retardation from 
the total phenomenon, the remainder was an uniform velocity, 
the result was the proposition known as the first law of 
motion.' 

I have already employed as an illustration the fact that 
a change in the tempe ratur e of a body is always accom-4 
panied by a change in its volurpe ^ The following extracll 
places the same fact in a new light, and shows that the] 
nature of substance (whether solid, liquid, or aeriform)* 
depends on, and, at considerable inte rvals, vari es with, 1 
the tempe ratiire"to wlJich'it is exposed . [ 

'The most striking and important of the effects of heat 
consist, however, in the liquefaction of solid substances, and 
the conversion of the liquids so produced into vapour. There 
is no solid substance known which, by a sufficiently intense 
beat, may not be melted, and finally dissipated in vapour ; 
and this analogy is so extensive and cogent, that we cannot 
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but suppose that all those bodies, which are Jjgui^ under 
ordinary circumstances, owe their liquidity to heat, and would 
(freeze or become solid if their heat could be sufficiently 
jreduced. In many we see this to be the case in ordinary 
winters ; for some, severe frosts are requisite ; others freeze 
only with the most intense artificial colds ; and some have 
hitherto resisted aU our endeavours ; yet the number of 
these last is few, and they will probably cease to be escep- 
tions as our means of producing coid become enlarged. 

'A simitar analogy leads us to conclude that all aeriform 
fluids are merely liquids kept in the state of vapour by heat. 
Many of them have been actually condensed into the liquid 
state by cold accompanied with violent pressure ; and as our 
means of applying these causes of condensation have improved, 
more and more refractory ones have successively yielded. 
Hence we are fairly entitled to estend our conclusion to those 
which we have not yet been able to succeed with ; and thus 
we are led to regard it as a general fact, that the Jimjyi.and 
aeriform or vaporous states are entirely dependent on heal; 
that were it not for this cause, there would be nothing but 
solids in nature ; and that, on the other hand, nothing but a 
sufficient intensity of heat is requisite to destroy the cohesion 
of every substance, and reduce all bodies, first to liquids, and 

An interesting application of the Method of Concomi- 
tant Variations is found in the arguments by which it is 
(established that refrigeration ai ntghl (when the sun's rays 

Iare withdrawn) is, cakris paribus, proportional to the 
dryness of the atmosphere. Thus, in the British Isles, 
where the atmosphere almost always contains a large 
amount of aqueous vapour, the difference between the 

" HtTichel's Discourse on lie Slvdy 0/ Natural Philosophy, 55 357. 
358. 
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tempentture at day and night is comparatively sliglit, 
whereas, in couotnes far inland, where the atmosphere is 
^xtr^pielv dry, the variations of temperature are compara- 
tively laxge. This phenomenon is due to the fact thatt 
masses of aqueous vapour, though they intercept, alsol 
radiate heat. Hence, while during the day they protect| 
us from the excessive heat of the sun, they intercept the 
heat which is radiated from the earth's surface during 
the night, and, at the same time, return to it some portion 
of the heat they have absorbed during the day. 

'A freedom of escape,* says Professor Tyndall", 'would 
occur at the earth's surface generally, were the aqueous 
vapour removed from the air above it, for the great bodf 
of the atmosphere is a practical vacuum, as regards the 
transmission of radiant heat. The withdrawal of the sun 
from any region over which the atmosphere is dry, must 
be followed by quick refrigeration. The moon would be 
rendered entirely uninhabitable by beings like ourselves 
through the operation of this single cause ; with a radiation, 
uninterrupted by aqueous vapour, the difference between 
her monthly maxima and minima must be enormous. The 
winters of Thibet are almost unendurable, from the same 
cause. Witness how the isothermal lines dip from the 
north into Asia, in winter, as a proof of the low tempera- 
ture of this region. Humboldt has dwelt upon the "frigo- 
ri6c power" of the central portions of this continent, and 
controverted the idea that it was to be explained by reference 
to the elevation ; there being vast expanses of country, not 
much above the sea-level, with an exceedingly low tempera- 
ture. But, not knowing the influence which we are now 
studying, Humboldt, I imagine, omitted the most potent 

" Tyndall'i Hiat a Mod* of Motion, i 49a, 
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cause of the cold. The refrigeration at night is estreme 
(when the air is dry. The removal, for a single summer 
I night, of the aqueous vapour from the atmosphere which 
I covers En^and, would be attended by the destruction of 
[every plant which a freezing temperature could kill. In 
Sahara, where " the soil is lire and the wind is flame," the 
cold at night is often painful to bear. Ice has been formed 
in this region at night. In Australia, also, the dlamal range 
of temperature is very great, amounting, commonly, to 
between 40 and 50 degrees. In short, it may be safely 
predicted that, wherever the air is dr^, the daily thermo- 
metric range will be greaL This, however, is quite different 
from saying that where the air is char, the tbermometric 
range will be great. Great clearness to light is perfectly 
compatible with great opacity to heat ; the atmosphere may 
be charged with aqueous vapour while a deep blue sky is 
overhead, and on such occasions the terrestrial radiation 
would, noth withstanding the " clearness," be intercepted.' 

The science of GeglagjL abounds in instances of the 
employment of the Method of Concomitant Variations, 
tin fact, as the agents mih which it is concerned, land and 
, water, subsidence and elevation, deposition and denuda- 
Ition, are constantly presen t and acting on the ea rth's 
:surfa^j and as it is imp ossib le to cause th e influ ence_ot 
jany one of them to vanish altogether, the geologist is com- 
jpelled in his explanations and arguments to avail himself 
Imainly of this method. The following extract from Lyell's 
' Principles of Geology furnishes a good illustration, and will 
be peculiarly interesting to any one who has visited the 
place. It is designed as an explanation of the altern ate 
subsidence and elevation of the famous temple of Jupiter 
Serapis, at Pozzuoli, on the Baj' of Naples. 
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' We can scarcely avoid the conclusion, as Mr. Babbage has 
hinted, "that the action of heat is in some way or other the! 
cause of the phenomena of the change of level of the temple.l 
Its own hot spring, its immediate contiguity to the Solfatara, 
its nearness to the Monte Nuovo, the hot spring at the baths 
of Nero on the opposite side of the Bay of Baias, the boiling 
springs and ancient volcanos of Ischia on one side and Vesu- 
vius on the other, are the most prominent of a multitude of 
&cts which point to that conclusion." And when we reflect 
on the dates of the principal oscillations of level, and the 
volcanic history of the country before described, we seem 1 
discover a connesion between each era of upheaval and 
local development of volcanic heat, and again between each 
era of d g gression and th e local ^i^u igjcence or d ormant condj- 
tion^f the. subierraneaDLigiieons causes. Thus for example, 
before the Christian era, when so many vents were in frequent 
eruption in Ischia, and when Avernus and other points in the 
Phlegrsean Fields were celebrated for their volcanic aspect 
and character, the ground on which the temple stood was 
several feet above water, Vesuvius was then regarded as a 
spent volcano ; but when, after the Christian era, the fires of 
that mountain were rekindled, scarcely a single outburst was 
ever witnessed in Ischia, or around the Bay of Baiie. Then 
the temple was sinking. Vesuvius, at a subsequent period, 
became nearly dormant for five centuries preceding the great 
outbreak of i6]i, and in that interval the Solfatara was in 
eruption a.d. 1198, Ischia In 1303, and Monte Nuovo was 
formed in 1538. Then the foundations on which the temple 
stood were rising again. Lastly, Vesuvius once more became 
a roost active vent, and has been so ever since, and during the 
same lapse of time the area of the temple, so far as we know 
anything of its history, has been subsiding, 

' These phenomena would agree well with the hypothesis, 
that when the subterranean heat is on the increase, and when; 
lava is forming without obtaining an easy vent, like tbatj 
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' afforded by a great habitual chimney, such as Vesuvius, the 
; incumbent surface b uplifted, but when the heated rocks 
i below are cooling and contracting, and sheets of lava are 

! slowly consolidating and diminishing in volume, then the 
incumbent land subsides",' 

Laplace's Nehtlar Hypothesis, that stellar systems, like 
yox solar system, are formed from the gradual condensa- 
;ion of nebular masses, is supported by an appeal to 
his method. ' We see,' conceives Laplace, ' among these 
nebulae ' (which are diffused along the Milky Way), ' in- 
stances of all degrees of condensation, from the most 
loosely diffused fluid, to that separation and solidification 
of parts by which suns and satellites and planets are 
formed; and thus we have before us instances of systems 
in all their st^es; as in a forest we see trees in every 
period of growth ".' 

Physiology (so fiir as it is based on Anatomy, as 
distinct from direct experiment), for like reasons with 
Geology, mainly employs the Method of Concomitant 
(Variations. It is very seldom, in this science, that we 
[obtain a phenomenon jiresent^in one set of instances 
and_entirely, absepl. in another; but we frequently find a 
jphenomenon which, within cerliun limits, presents i t self 

" Lyell'i PrincipUi of Giology, tenth editioa, ch, jos. 

*> Whewdl'i Noimm Organan Riaovalam, Bk. 111. cb. viii. sect. a. 
i g. This example i> adduced by Dr. Whewdl » an intUnce of what 
he calli ibc Method of Gradation, which, however, must not be con- 
founded with Mill's Method of Concomitant Variations. The example, 
so far as it can he lelied on, serves equally well as an instance of either 
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in the most vari^^le. q^l^^ | g^i^ies■ If, then, we find another! 
phenomenon varying as it varies, we may argue withi 
tolerable confidence that the two phenomena either stand] 
to each other in the relation of cause and effect, or are, 
least, common effects of some unknown cause. Thus, 
appears to be esCabLshed that, not only in different! 
species, but in different individuals of the same species,j 
there is some relation between thejnanife stations of in-j 
telligence_ and the^ount of cerebral development, under-] 
standing the latter expression to include not only bulk of 
brain but also complexity and depth of convolutigflg^ 

'With some apparent exceptions,' says Dr, Carpenter**, a 
classical authority on most physiological questions, 'which 
there would probably be no great difficulty in explaining 
if we were in possession of all the requisite data, there is 
very close correspondence between the relat iv e de velopment 
of the Cerebrum in the several tribes of Vertebrata and the 
degr ee of Intelligence they respectively possess — using the 
latter term as a comprehensive expression for that series of 
mental actions which consists in the inieniional adaptation 
of means to ends, based on definite ideas as to the nature 
of both.' 

And again : — 

'As we ascend the Mammalian series, we find the Cere- 
brum becoming more and more elongated posteriorly by the 
development of the middle lobes, and the intercerebral con- 
missure becomes more complete ; but we must ascend as 
high as the Camivora, before we find the least vestige of the 
posterior lobes ; and the rudiment which these possess is so 
rapidly enlarged in the Quadrumana, that in some of that 

** CitftMei'i PriacipUs of Hamcm Phyaology, %\xXii edition, 1S64. 
O 
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group the posterior lobes are as fully developed in reference 
to the Cerebrum as a whole, and as completely cover in the 
Cerebellum, as in the human subject. The attention which 
has yet been given to this department of enquiry, has not 
hitherto done more than confirm the statement already made, 
Iwith regard to the general correspondence between the jy- 
Velopment of the Cerebrum and the njanifestations of In telll- 
ijience : very decided evidence of which is furnished by the 
great enlargement of the Cerebrum, and the corresponding 
alteration in the form of the Cranium, which present them- 
selves in those races of Dogs^ most distinguished for their 
educability, when compared with those whose condition ap- 
proximates most closely to what was probably their original 
state of wildness. 

' This general inference, drawn fi:om Comparative Anatomy, 
is borne out by observation of tlipjj iim!^^^ sppi;ies . When the 
Cerebrum is fully developed, it offers innumerable diversities 
of form and size among various individuals ; and there are 

many diversities of character. It may be doubted if two 
individuals were ever exactly alike in this respect. That a 
Cerebrum which is greatly under the average size is incapable 
of performing its proper functions, and that the possessor 
of it must necessarily be more or less idiotic, there can be 
reasonable doubt. On the other hand, that a large, well- 
developed Cerebrum is found to eiist in persons who liave 
made themselves conspicuous in the world in virtue of their 
intellectual achievements, may be stated as a proposition of 
equal generality." 

Dr. Thurnam ", taking the brain-weights of ten dis- 
tinguished men, who died between the ages of fifty and 
seventy, calculates the average weight of their brains 

t Brain, by John ThuTdiTo, M.D. Louioa, 
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to have been 54-7 ounces. The average weight of tht^j;f^^*^%^ 
brains of ordinary men, dying between the same ages, 
is 47'i ounces. These facts give in favour of ' cultivated 
and intellectual man' an excess of t6 ounces, or 15 per 
cent. Though, as a general rule, the connexion between 
intplWhial and cerebral development appears to be 
substantiated, we must, however, be very cautious in 
drawing any inferences as to particular cases. Megalo- 
cephaly, or pathological enlargement of the brain, is a 
recognised disease, and is frequently attended with idiotcy. 
In this class of cases, no doubt, if our means of investi- 
gation were adequate, we should discover some peculiarity 
either in the chemical composition or in the anatomical 
structure of the brain which would enable us to explain 
ihe exceptions in conformity with the rule. 

It is, perhaps, needless lo add that we are not justified 
in drawing any further inference from these data, than 
that the brain is the organ of intelligence, and that therei 
is some definite relation between the organ and itst 
functions. ) 

Another interesting application of the Method of Con-j 
comitant Variations may be found in one of the argu-i 
ments by which the distinction between 'Formed and "■ 
Germinal Material is established. Any piece of glandular ] 
tissue, if examined under a microscope, will be found. 
to consist of two parts, one of which will fake a tint 
from carmine, the other not. The portion which takes 
the tint is called Germinal, the portion which will not 
take it is called Egmjg^ Material The former is living 
o 3 
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i matter, capable of growth and germination; the latter 
is dead matter, capable of no change but decay. Now, 
if this distinction between the two kinds of matter be 
well founded, we may reasonably expect to find the g^i- 
minal matter developed in much larger proportions in the 
v oun^'er than in the older specimens of animals and 
plants, and in what may be called the more active than 
in what may be called the more passive parts of animal 
and vegetable organisms. And this is the case. In the 
pith of rush, elder, &C. we find that, in the spring, there 
are many portions of the cells which will take the car- 
mine tint; in summer, few; in autumn, none. In the 
crystaiUne lens of the eyes of young animals the portions 
which will take it preponderate, becoming proportionately 
fewer as we examine the eyes of older specimens. In 
the grey matter of the brain we find many parts which 
will take the carmine tint, in the white matter but few. 
In a grain of wheat, when formed, there is, in the peri- 
sperm, no portion which will take it, in the white matter 
but a small portion, while in the embryo it is often 
difiicult to discover any part which does not take it. 
These instances might be multiplied to any extent". 

' In physiological and medical researches, we must be 
peculiarly careful to bear in mind that, though two pheno- 
,mena may vary proportionately, it by no means follows 

. that one is cause and the other effect. They may both 

" The student will End ihii cubject fully treated in Dr. Lionel Beile'i 
Ltctares on iht Simple Tissue o/Ihe Saman Body, and in otber works 
of the lame anthor. 
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be commonj:^ cts of the same g^ii sei Thus, though the | 
prevalence of cholera, is said to be constantly attended; 
by the appearance of certain low fo rms, .QL.organi_c. life, 
namely, fungi or phytozoa, it by no means follows that ■ 
these fungi or phytozoa are the cause of cholera. Both | 
phenomena alike may be effects of certain, conditions of 
the atmosphere. Nothing but a direct experiment could 
detemiine between these two theories. 

The Method of Concomitant Variations, or, as it is 
often called, when employed on s ubjects not strictly 
physical, the Method of Comparison ^ is that which is 
t frequently employed in the Science of Language. 



It is found, for instance, that between two dissimilar words 
employed at different epochs to express the same idea may 
be interpolated a number of intermediate forms employed 
at intermediate epochs, which make the transition from the 
one word to the other gradual and natural. From this 
circumstance it is inferred that the word used at the later 
epoch is derived from that used at the earlier epoch, certain 
tendencies of speech being regarded as the cause of the 
divergence. 'Thus, at first sight,' says M. Brachet",. 
'it is hard to see that dme is derived from anima ; but 
history, our guiding-line, shows us that in the thirteenth 
century the word was written anmt, in the eleventh aneme, 
in the tenth anime, which leads us straight to the Latin 
anima.' In this case there can be no doubt of the truth 
of the conclusion. 

" M. Bnchn'i Historical Grammar 0/ ike FrincH Tongut, Mi. 
Kitcbin'i Tnatlatioa, p. 42. 
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Similarly, the loss of declensio n in t he transition from 
the_Lattn Language to the French is eaaly explained 
when we take into account the following considera- 
tions : — 

The tendency to amplify and reduce the number of cases 
i early felt in the pgpular Latin : the cases expressed shades 
of thought too delicate and subtle for the coarse mind of the 
Barbarian. And so, being unable to handle the learned and 
complicated machinery of the Latin declensions, he con- 
structed a system of his own, simplifying its springs, and 
reducing the number of the effects at the price of frequently 
reproducing the same form. Thus the Roman distinguished 
by means of case-terminations the place where one is, from 
the place to w hich one is going; "veniunt ad domum," 
"sunt in domo." But the Barbarian, unable to grasp these 
finer shades, saw no use in this distinction, and said, in either 
case alike, " sum in domum,'' " venio ad domum." 

'Thus, from the fifth century downwards, long before the 
first written records of the French language, popular Latin 
(reduced the number of cases to two ; (i) the nominativj: to 
Imark the subject ; and (2) that case which occurred most 
frequently in conversation, the accusative, to mark the object 
lor relation. From that time onwards the Latin declension 
was reduced to this: — subject, murus; object, murum. 

'The French language is the product of the ^ow develop- 
ment of popular Latin ; and French grammar, which was 
originally nothing but a continuation of the Latin grammar, 
inherited, and in fact possessed from its infancy, a completely 
regular declension : subject, miw/, murui; object, mnr, murum : 
and people said "ce muri est hautj" "j'ai construit un 

' This declension in two cases forms the exact difference 
between ancient and modem French. It disappeared in the 
fourteenth century, not without leaving many traces in the 
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language, which look like so many insoluble exceptions, but 
find their explanation md historic justification in our know- 
ledge of the Old French declension "*.' 
Here the conclusion is that French Grammar is derived ! 

f^f);p T.atin fjp^mmar rprtain peculiarities of the period I 

intervening between the use of the Latin and modern! 
French languages being regarded as the cause of the 
differences between them, I 

Again, nothing at first sight would appear more im- 
probable than that the French word suis and Che Greek 
word itfu are derived from the same root. But, when 
we compare the old French word sui, the Latin sum, 
the Old Latin esum, and the Old Greek form iafu, the 
connexion of Che two words and their ultimate derivation 
from a common root becomes a certainty. Here the 
divergence may be definitely accounted for by Che vari- 
ous influences operating upon people (like che Latins 
and Greeks) occupying different tracts of country, ex- 
posed to different circumstances, having the organs of 
speech differently modified, and the like. 

Amongst the above examples it will be noticed th^U: j 
some have been included, the conclusions of which are I 
by no means absolutely certain. In these cases, the 1 
deficiency of proof is due not to any formal inconclusive- 
ness in the Method of Concomitant Variations, or in that 
of Difference, on which it is based, but to the existence 
of a doubt as to whecher che requirements of those 

" M, Biichct'i Historical Grammar 0/ Iht French Tongue, Mr. 
Kitchia'i Tranilation, p. 88. 
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I methods have been stringently fulfilled. In any but the 

; Experimental Sdences it is always extremely difficult to 
: assure ourselves that we are acquainted with all the cir- 
jcumstances which may influence, or may be influenced 
?by, any given phenomenon. Moreover, as is the case, for 
instance, with regard to the concomitance between cere- 
i^bral development and the manifestation of intelligence, 
[there may be many known points of difference between 
the observed cases besides those which are taken into ac- 
count, and the value of the conclusion will depend on the 
extent to which we have ascertained that these other points 
of difference are not pertinent, or not equally pertinent 
with those which we have taken into account, to the cir- 
cumstance or circumstances which we are investigating. 

The application of the Method of Concomitant Varia- 
tions to determine, the numerical relations subsisting 
between two phenomena may be illustrated from the ex- 
periments by which the measure of the accelerating force 
/ of gravity was established. The fiict, that the higher the 
■ point from which a body falls, the greater is the velocity 
_ acquired, is patent to observation, though, if we analyse 
ithe process by which we arrive at the conclusion, it 
;is by the Method of Concomitant Variations. The raie 
of acceleration, however, is a very difficult and delicate 
problem to solve. By Attwood's machine (which it is 
unnecessary to describe here) it is shown (i) that gravity 
is an uniformly accelerating forCe, that is, that the incre- 
ments of velocity in equal times are equal; {2) that the rate 
of increase varies slightly at different places on the earth's 
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surface ; (3) that, in the latitude of Greenwich, in vacuo, 
and at high-water mark, the rate of acceleration for every 
second of time is 32'i9 inches, the space traversed in the 
first second of time, if the body fall from rest, being half 
that quantity, so that the spaces traversed in successive 
units of time vary as the odd numbers i, 3, 5 • • • ■ 
(aw— i). A slight degree of attention will show that it is 
by the Method of Concomitant Variations that all these 
conclusions are obtained ■". 

The conclusions based on statistics in moral and 
social enquiries are also instances of this application of 
the Method of Concomitant Variations. It is argued 
that, if the sa me causes continue to operate with like_ 
intensity and no new causes intervene, the numerical 
relations established between two classes of social pheno- 
mena, as, for instance, deficient education and crime, may 
be expected to remain constant 

Another very important application of the Method of 
Concomitant Variations is what is now commonly known 
as the Hislorical Method. A certain institution, custom, c. 
or opinion is traced throughout various stages of society, " 
and its growth or decline is connected with that of some 
other institution, custom, or opinion, or with the general 
state of civilisation prevalent throughout these periods, it 
being argued, in the latter case, that, as civilisation 
advances, the institution, custom, or opinion has grown 

" The (tadcDt who wishes for more deUiled informition on this sub- 
ject i> referred to Professor Price's InfiniUsimal Calculus, vol. jii. chip. 



20a INDUCTIVE METHODS. 

or declined, as the case may be. This method has of 
lale years been employed with great success in the 
domains of law, morals, religion, art, and language ; and 
it is sufficient to refer the student for examples to works 
such as those of Sir Henry Maine, Sir John Lubbock, 

'. .■ Professor Max Miiller, and Mr. Tylor. The gradual pro- 
cess by which the organisation of the family passes into 
that of Jhe _state^ or by which the primitive feeling of 
tesentment is developed into that strict sense of justice 

S' which distinguishes civilised man would be amongst the 
many striking illustrations of this method which are afforded 
by writers on morals and society, both ancient and modem. 

I When the method is combined with deductions from the 
science of Psychology, stating a priori what might be 
expected from a general knowledge of human nature, it is 
icalled by Mr. Mill the Inve rs e Deductive Melhod , Under 

this head I shall briefly advert to it again, in the chapter i 

on the Relation of Induction to Deduction". -^'T'^^^'/^'^.f'.iCfi 

II " There is one objection to the eiiiploymenl of IheHUtoriesl Method, 
'^ which It least demands an answer. The progicss, say, of morality, ^^ 

or iome particular institution, is compared with the progress of generg], 

Icivilisilion. But perhaps this very circumstance is amoagsl the roost | 

imporlint consideratioos to be taken into account in estimating the 
. stage of civilisation to which any people or class his attiined. The 
Tscientilic enquirer, therefore, who employs the Historical Method seems 
\ lo be open to the objection that he is making one quality vary as an 
'aggregate of qualities of which it is itself one; for, supposing the ei- 
treme case of [he other qualities which make up the aggregate being all 
couitant, we should then have the identical proposition that the quality ' 

' or institution in question varies as itself. Bui. as a matter of fact, we 
. know that the other qualities which make up the aggregate of drcum- I 

D.,r:-c.XiOOglC I 
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Briefly to review these Methods, it will be seen that 
we can only arrive at absolute cer taintj by means of 
one or other of the Methods of Difference, Residues, or 
Concomitant Variations, while the Method of Agreement 
and the Joint Method of Agreement and Difference give 
conclusions only of more or less probability, a probability, 
however, which sometimes amounts to moral c ertainty. 



The J^oint Method of Agreement and Difference, or the( 
Double Method of Agreement, possesses one advantage 
over all the other Methods, namely that, supposing it to 
have been satisfactorily ascertained by this Method that A 
is the cause of a, it will follow that it Is th e onfy cause. 

It should also be borne in mind that a wide distinction ^ 
exists between those cases in which the induction indicates 

stances which wc ciU ciTtliiation arc &r riooi being contunl. More-l 
over, they »re all 10 inteilwined with one anothei that almosi any on* of I 
Ihem variei directly ai almoil any other. Amongst iheie various drcum-j 
stances, however, we are able to delect one on which all the olherj jesm 
to be specially dependent. This is, lo stale il in the most general terms.l 
the intelledual condition prevalent at the given time, in the given place, I 
or amongst the given clasi. Not only do we find, as a matter o( fact, \ 
that the current intellectu al beliefs and the degree of development of the 
[^'-'I'tHl^l,^"-"'^'" '» !''« beJt'indei "to the state of the other i^ 
ilituents which make up civilisation, but also we should expect a priori ' 
that ibete latter circnmslance* would be mainly determined by the 
former. For it is by the exerdse of reason that mia leams, in an I 
infinite rariely of ways, to adapt himself 10 the various circumstances 
which inrroand him, that he discovers the means of gratifying his higher 
taslei, and that he is enabled 10 enter into the feelings and understand 
the wants of olheis. On this rebtion between the iiale of the Intel. 
lednal faculties and the aggregate of circumstances which coiislilnle 
dvilisalion, the student may consult Mr. Mill's Logic, Dk. VI. ch. x. f 7. 

Dr., ;X.OOglC 



a04 INDUCTILE METHODS. 

the preci se character of the causal conne xion vhich 
subsists between two or more phenomena and those in 
which it simply points out that there exists a. causa] 
connex ion of some kind or other^ In the latter case 
a new induction is required in order to show what the 
( nature of the causal connexion is. 

tit may be noticed, finally, that the Inductive Methods 
e strictly reducible to two only, the Method of Agree- 
ent and the Method of Difference ; the Joint Method of 
Agreement and Diff erence being a double employment of 
the Method of Agreement, supplemented by an employ- 
ment of the Method of Difference, the Method of Con- 
comitant V aria tions being a series of employments of the 
Method of Difference, and the Method of Residues, 
though employed in an inductive enquiry, being rather of 
the nature of a deductive than an inductive method. 



Noie 1. — In the preceding chapter no allusion, or only 
a casual one, has been made to a circumstance which 
frequently occasions an insuperable difficulty in the appli- 
cation of the Inductive Methods, namely, the jntermixtur^ 
of Effects. It has been supposed that the antecedents 
A, B, C, D, &c. are followed by the consequents a, $, y, 8, t, 
&C., the effects being regarded as heterogeneous and not 
homogeneous. But, suppose the effect of A to be a, of B to 

be — -, of C to bey, of D to be^,andofEtobe- ^, the 
3 3 a 

total effect of A, B, C, D, E will be " + ^ ■ It is obvious 
how difficult it would be in this case to discover either 
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the exact portion of the effect which is due to each cause 
or the several causes which operate to produce the total 
effect. We might have, in fact, as in mechanical action 
and reaction, A producing a and B producing — a, each 
cause thus neulraUsing; the effect of the other, so that 
we might entertain no suspicion that the causes A and B 
were in operation at all. In these cases, our main re- 
source is Deduction, Having ascertained separately by 
one or other of the various inductive methods, or from 
previous deductions, the effects, say of A, B, C, D, we 
calculate deductively their combined effect, and then, by 
subtracting, according to the Method of Residues, the 
sum of the known causes from the total aggregate o£ 
causes and the known portion of the effect from the 
total effect, we simplify, if we do not solve, the problem. 
On the insufBciency, under ordinary circimistances, of 
the Inductive Methods,- without the aid of Deduction, to 
grapple with cases of this kind ", and on the nature of 

" Since the appearance of the first edition of thii work, il hai bfea 
pointed out by Mr. Bain that ' Concomitant Variation ii the only one of 
the [Inducliiie] Methods thai can operate to adranlage in such cases.' 
I take the llbert]' of transcribing the passage: 'If 1 cause happens lo 
Taiy alone, the effect Will also vary altme, and cause and effect may be 
thus singled out under the greatest com^dicatiom. Thus, when [he 
aH«lite for food increases with the cold, we have a strong evidence oE 
connexion between those two facts, although other circumstances may 
operate in the same direction. 

'The assigning of the respective parti of the sun and moon, in the 
action of the Tides, may be effected, to a certain degree of exactness, by 
the variation of the amount according to the positions of the two 
attracting bodies. 

'By a series of experiments of Concomitant Variations, directed lo 



I06 INDUCTIVE METHODS. 

the assistance rendered by Deduction, the reader may con- 
sult Mr. Mill's Logic, Bk. III. ch. x. § 4-8, and ch. xi. 

In cases of this kind, where the action of one cause 
is augmented, diminished, or wholly counteracted by that 
of another, it must not be supposed that any part of its 
appropriate effect has failed to be produced, even though 
it may have disappeared wholly or partially in the total 
result. An object may remain at rest, when subject 
to two equal forces acting in opposite directions, but 
we cannot say of either of these forces that it is in- 
operative ; each, it is true, prevents any visible effect 
resulting from the other; but then this is the very effect 
which it produces, and the correct mode of describing 
either of the opposing forces would be to say that 
it has a tendency to make the given object move with 
a certain velocity in a certain direction. The student 
cannot too constantly bear in mind that every cause 
invariably produces its full effect, though other causes 
may prevent that effect from manifesting itself with all 
the intensity with which it would manifest itself, if it acted 
alone ;■ that there are, strictly speaking, no exceptions to 
laws of nature, though these laws, in their manifold action 
and reaction, may modify or even neutralise each other. 
The aphorism ' Every rule has an exception,' is only true, 
even in Grammar, either because the rule is inexactly 

ascertain the eIiiainat[on of nitrogen in the human body under varieties 
of mtiEcnlai exerdie. Dr. Paikei obtained the remarkable conduiion, 
that a muscle giowi during exercise and loses bulk dnriag thi lubiequeat 
test.'— Bain'i Logic, Bk. III. ch. viii. § 6. 
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Slated or becanse it conflicts with some other rule known 
or unknown. 

NoU a. — The Canons for the Inductive Methods were 
first stated by Mr. Mill, and the importance now attached 
to them in most analyses of inductive enquiries is mainly 
due to bis influence. The methods are, however, as 
Mr. Mill himself states, ' distinctly recognised ' in Sir John 
Herschel's Jh'scourse on the Sludy of Natural Philosophy, 
so often quoted in this work, ' though not so clearly 
characterised and defined, nor their correlation so fully 
shown, as has appeared to me desirable.' In the Second 
Book of Bacon's Novum Orgattum, we find some ap- 
proximations, very rough, it is true, to forma] inductive 
methods. The ' instantiae crucis ' have already been ad- 
duced as examples of the Method of Difference, and the 
' instantiae solitarise ' as including examples of both the 
Method of Agreement and the Method of Difference ; 
but the part of the Novum Organum to which I am now 
alluding, and which is intended to be of more universal 
application than the 'instantise crucis' and the 'instantiss 
solitariae,' is contained in the early Aphorisms of the 
Second Book. Certain Tables of Instances are there 
given for the purpose of providing materials with which 
to conduct an investigation into what Bacon called the 
' Form"'',' corresponding pretty nearly to what we should 
call the 'Cause,' Of Heat. The instances are very far 

" Oo tbe meaning attached by Bacon to the word ' Form,' and iti 
relation to ' Euence ' and * Cause,' ue the Introduction to my Edition of 
the Novum Organum, % 8, pp. 53-59. 
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from satisfying the conditions of Mr. Mill's Methods, but 
the principles on which they are arranged in Tables 
bear a close analogy to the principles on which the 
Canons are constructed. The best mode, perhaps, of 
enabling the student to perceive the extent of the resem- 
blance is to state the conditions to which the instances 
in Bacon's Tables would be required to conform, in order 
to satisfy the requirements of Mr. Mill's Methods. 

If the ' Instantise convenientes in natura calidi' " were 
so related to one another that, besides (he given pheno- 
menon (heat), only one other circumstance were common 
to them all, that other circumstance might be regarded, 
with more or less probability, as the cause (or effect) of 
heat, or, at least, as connected with it through some fact 
of causation. Such instances would then come under the 
Method of Agreement. 

If one instance in the Table of Agreement ('Instantise 
convenientes in natura calidi ') were so related to one 
of the instances in the Table of Privation ('Instantise in 
proximo, quse privantur natura calidi')" as to have every 
circumstance in common with it, except that the former, 
besides presenting the phenomenon of heat which is 
supposed to be absent in the latter, also presented some 
other circumstance which was absent from the latter, this 
other circumstance would be the cause (or effect), or a 
necessary part of the cause, of heat. We should here 
have the Method of Difference. 

If, in the 'Tabula graduum, sive comparative in 
" Sotnim Organum, Lib. II. Aph. xi. " Id. Aph. lii. 

Dr., ;XiOOglC 
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calido,'** we could discover some one phenomenon which 
increased and diminished proportionately with the increase 
and diminution of heat, that phenomenon would be the 
cause or the effect of heat, or, at least, connected with it 
through some fact of causation, and the conditions would 
thus conform to the requirements of the Method of Con- 
comitant Variations. If it could be shown that this 
phenomenon and heal were the only circumstances which 
varied concurrently, then the phenomenon would be 
proved to be either the cause or the effect of heat, and 
would conform to the requirements of the rider to this 
last Method (p. 183). 

The ' Esemplum exclusivae, sive rejectionis naturarum 
a forma calidi ' " bears some, though, it must be acknow- 
ledged, a very slight, resemblance to the Method of 
Residues. These ' rejectiones ' consist in excluding some 
possible explanation of the phenomenon, either because 
an instance, which does not present the phenomenon, 
does present the assigned cause, or because an instance, 
which does present the phenomenon, does not present 
the assigned cause '*. As an example of the former 
case, we may take the following ' rejectio ' : ' Per radios 
lunas {which were then supposed to be cold) et alJarum 
stellanim rejice lucem et lumen.' As examples of the 
latter, we may take the two following: 'Per radios soils, 

" Novum Orgaman, Lib. II. Aph. xiii. 

« Id. Aph. iTiii. 

" The laltn, of coune. ii not a lefplicnate argument. The effect 
may be due to leretal diitinct cautei, a bet. whtdi «>■ not recognited 
by Bicon. 
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rejice naturam elementarem (that is, ' terrestrial nature,' 
which is composed of ' the four elements ') ; Per ignem 
communem, et maxime per ignes subterraneos (qui re- 
motissimi sunt, et plurimum intercluduntur a radiis cceles- 
tibus) rejice naturam coelestem.' By a succession of these 
' rejectiones,' we limit the number of possible explana- 
tions, amongst which we are to look for the true one. 
Bacon's ' rejections,' however, not being, as a matter of 
fact, exhaustive, lead to a purely negative result; they 
may save us from unnecessary trouble in seeking for a 
catise where it cannot be found, but they do not, like the 
Method of Residues, leave a definite number of ante- 
cedents which either constitute the cause, or amongst 
which we know that the cause is to be sought. 

It is plain that if there were a certain number only of 
possible causes of the given phenomenon, and by the 
method of rejections we could exclude all but one, this 
one remaining cause would be the undoubted cause of 
the given phenomenon. This case Bacon appears to 
have regarded as the perfect type of Induction, and as 
alone capable of affording certainty". 

iVo/e 3- — Dr. Whewell (in a pamphlet published in 
1849, which is now embodied in the Philosophy 0/ Dis- 

" It tnnsl be aaderslood Ihat, in this note, I am »mpl}' comparing 
the ' Table! ' of Bicoa with the ' Methodi ' of Mr. Mill. On tbe rela- 
tion of the 'Tables' to each other and on the ipedal importance 
attached by Bacon to the ' Rejection!,' the student may coninlt f 9 of 
the Introduction to my edition of the Novum Orgmium (Clarendon 
Preu, 1S73), and my aotei to the eaclier aphoiiimi of the Second 
Book. 
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coverji'*) quesliona the utility of the Four Methods. 
' Upon these methods,' he says, ' the obvious thing to 
remark is, that they fake for granted the very thing which 
is most difficult to discover, the reduction of the pheno- 
mena to formulae such as are here presented to us.' He 
also objects that, as a matter of fact, no discoveries have 
ever been made by the employment of these methods. 
' Who will carry these formulae through the history of 
the sciences, as they have really gro'wn up, and show us 
that these four methods have been operative in their for- 
mation ; or that any light is thrown upon the steps of 
their progress by reference to these formulae?' 

The first objection is, as Mr. Mill points out, of the 
same character with the objections raised by Locke and 
other writers of the eighteenth century £^;ainst the Rules 
of Syllogistic Reasoning. The reply, in either case, is 
that Logic does not profess to supfiiy ailments, but to 
fest them. Men have certainly reasoned, and reasoned 
with the greatest success, without any conscious use of 
the rules of Logic. But it is the province of a system of 
Logi9 to analyse the arguments commonly employed, to 
discriminate between those which are correct and those 
which are incorrect, and thus to enable men to detect, 
in the case of others, and to avoid, in their own case, 
erroneous methods of reasoning. To think of appro- 
priate arguments is undoubtedly more difficult than to 

•■ See PhUoM^ihy ofDiscoviry, ch, J«ii. The crilicijio of Mr. Mill'i 
Methodi will be kmiti in ii 38-48. Mr. Mill replies in 1 note at the 
endofBlc. III. ch.ix. 
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test them ; but this fact does not obviate the necessity of 
submitting them to a test. Nor is it a more real objection 
that men, who know nothing of the technical rules of 
Logic, oflen reason faultlesslj' themselves, and show re- 
markable acuteness in detecting inconclusive reasoning 
in the ailments of others. Many men speak gram- 
matically without having learnt any system of grammar ; 
in the same manner, many men reason logically with- 
out having learnt any system of Logic. But the great 
majority of men, there can be little doubt, may derive 
assistance both from one and the other. Grammar 
fulfils its functions when it raises the student to the level 
of the most correct speakers ; similarly. Logic fulfils its 
functions when it raises the student to the level of the 
best reasoners. As applied to the syllogistic rules and 
formuke, this defence would now be generally admitted, 
but it holds equally good of the methods under which it 
may be shown that our inductive arguments may ulti- 
mately be arranged. ' The business of Inductive Logic,' 
says Mr. Mill, ' is to provide rules and models (such as 
the Syllogism and its rules are for ratiocination) to which 
if inductive arguments conform, those arguments are 
conclusive, and not otherwise. This is what the Four 
Methods profess to be, and what I believe they are 
universally considered to be by experimental philoso- 
phers, who had practised all of them long before any 
one sought to reduce the practice to theory,' 

With regard to the second objection, that these me- 
thods have not been operative in the formation of the 

D..„-:;c:. Google 
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sciences, Dr. Whewell seems to ignore the distinction 
between the conscious and the unconscious employment 
of a method. It is undoubtedly true that in records of 
scientific investigations we seldom find the formal lan- 
guage in which the Inductive Canons are expressed. It 
seems to me equally true that in such records we inva- 
riably detect the employment of the Canons themselves. 
Discoveries are of two kinds : they are either entirely the 
result of patient research, or they are first suggested to 
the mind by some brilliant thought, and aflerwards 
verified by rigorous proof. In the former case, the 
discoverer must have made sure of his ground as he 
proceeded, and, so far as his method was inductive, he 
could only do so by appealing, consciously or uncon- 
sciously, to one or more of the inductive methods ; if he 
acted otherwise, he arrived at a true result by mere 
accident. In discussing the latter case, I must repeat 
what has already been stated, that it is not the office of 
Logic, either inductive or deductive, to suggest thoughts, 
but to anaifve and to lest them. Now, in the case we are 
supposing, the discovery really consists of two parts — 
the original conception and the subsequent process by 
which it is determined to be the true explanation of 
the phenomenon. However striking and appropriate 
the conception, we have no right to regard it as the 
.true explanation of the phenomenon till it has been 
subjected to the most rigorous investigation. This inves- 
tigation must be either inductive or deductive, or both. 
But, so far as it is inductive, it must conform to the 

D.-., jXiOOglc 
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lequirements of the Inductive Canons, or else it will not 
result in positive proof, or even approximate closely 
to it. As in the former case, unless the discoverer 
has, consciously or unconsciously, reasoned in strict 
conformity with the requirements of Logic, he has no 
right to feel any confidence in the result of his re- 
searches. 

It may be added that appropriate conceptions, promising 
to be fertile in scientific results, are only likely, as a rule, 
to occur to persons whose minds have been habitually 
disciplined by the strict observance, conscious or un- 
conscious, of the laws of reasoning. Originality is not 
a quality, as some seem to think, which admits of no 
psychological explanation. 
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CHAPTER IV. 

Of Imperfect Inductions. 

AN argument from the 25r.^'i'!,i'?JJI??-S?J'??'*J' or 
from particulars to adjac ent particulars, may fall short of 
absolute proof, or even of moral certainty , while it com- 
mends itself as possessing more or less of probab ility. 
Arguments of this character m^ be called Imperfect 
Inductions. Under this head falT imperfect applications 
of the experimental or inductive methods, thrf ^rgument 
from analogy, an< Hncomplete cases of Induclio per ettu- 
merationem simplicem. 

The Induclio per tnumeratiotum simplicem is. as already 
noticed', when compl eU [Induc/io Compkia], a deductive, 
and not an inductive, argument. When incomplete, it is j 
an inductive argument, for it is an inference of the general! 
from the particular or the unknown from the known. Thisj 
form of Induction affords certainty only when, as in the case 
of the Laws of Universal Causation and of the Unif ormity 
of Nature, or of the Mathematical Axioms, it is grounded- /«'i.: 

' See p. 113, note 3, and Dtdaciivt Logic, Part 111. chap. i. appended 
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I upon universal experience, and we feel assured that, if 
j there had been at any time or were now in any place 
lany instance to the contrary, it vould not have escaped 
lour notice. But, in ordinary cases , the incomplete /a- 
ductio per tnumeraiionetn simplktm affords only a pre- 
sumption , sometimes very slight, sometimes tolerably 
strong, in favour of the position which it is adduced to 
establish. I perceive, say In five, ten, or twenty cases, 
(hat the phenomenon a is attended by the phenomenon 
h, and, knowing of no cases in which the one pheno- 
menon is not attended by the Other, I begin to suspect 
that a and b are connected together in the way of 
causation. Such a surmise may afterwards be proved by 
the Eud of one or other of the five methods to be correct, 
and, in that case, it is taken out of the category of 
inductions per enumerationem simpKcem, and becomes an 
instance of a scientific induction. But, if neit her proved 
nor disprovedj it still has a certain amount of probabili ty 
in its favour, that amount depending on the two following 
[considerations: (i) the number of positi ve_ i nsta nces 
[ which have o ccurr ed to us; (a) the likeliho od, if there 
[be any negatiyeinstances, of our ha ving met with tbem . 
j The first of these considerations deserves little weight, 
1 unless supported by the other. A native of the North 
of Europe, some centuries ago, might, if the mere accu- 
mulation of positive instances were sufficient, have taken 
it for a certain truth that all men had white complexions. 
His own personal observation, as well as the reports of 
travellers and the iraditions of his race, would have 
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furnished numberless instances in favour of the position. 
But, before drawing the inference, he ought to have 
reflected that he possessed information about a small 
portion only of the inhabitants of the earth's surface, 
that a difference of climate might produce a diflference 
of complexion, and that there was no reason for sup- 
posing that the anatomical structure of man, or the 
various characteristics which we denominate human, are 
necessarily connected with a skin of one particular colour. 
But, on the other hand, we may afBrm with tolerablei 
certainty that all the varieties of beings possessing _fliel 
phy^ca l_ structure of, maii_ have the capacity of articulate | 
^Sgee ^ ^ for, if there were any races exhibiting the! 
one set of phenomena without the other, there is every 
probability, with our present knowledge of the earth's 
surface, that we should be acquainted with their existence. 
In this instance the first consideration, which in itself 
would deserve little weight, is converted into a certainty 
almost absolute by the support which it derives from 
the second. 

It cannot be too strongly impressed on the mind of 
the student that a mere enumeratio simplex, that is, a merel 
assemblage of positive instances, unless we have reason toj 
suppose that, were there any instances to the contrary,! 
they would have become known to us, is simply worth-l 
less. ' InducHo qua procidit per enumeralionem si'mpiicei^ 
res puerilis est.' But if the enumeraiio simplex be accom- 
panied by a welt-grounded conviction that there are no 
i nstances to the contrary, it may afford a very high 
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degree of probability, and, if we can assure ourselves 
that there are no instances to the contrary, to us indi- 
vidually it will afford certainty. 

< It might seem that an Inductio per Enumerationem 
Simplicem is always an employment of the Method of 
I Agreement But there is this essential difference. The 
Method of Agreement is a method oJ ili minajio n^ selecting 
some and rejecting other instances, and founding its con- 
clusion not on the ^uantJtjt but on the character of the 
S instances which it selects. The Inductio per Enumera- 
tionem Simplicem, on the other hand, depends for its 
: validity on the number of instances ; the instances, indeed, 
must be gathered from every available field, and hence 
■. sometimes we speak of their yarieij as well as their 
quantity, but the one essential characteristic of the 
method is that it does not select, but accumulate io- 
1 stances. A few well-selected instances are often suffi- 
I cient to satisfy the requirements of the Method of 
i Agreement The same ntmiber, when we abstract the 
' grounds on which they were selected, would be utterly 
'. insufGcient to justify an Inductio per Enumerationem 
' Simplicem. 

! It may in fact be remarked of all the Experimental 
;Methods that they are devices for saving labour. The 
range of our experience is often insufficient to justify 
an argument founded on an Inductio per Enumerationem 
Simplicem, but by means of the Experimental or In- 
ductive Methods we so select ovx instances as to bring 
the particular case which we are investigating under the 
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general laws of Universal Causation and the UnifoTTnity| 
of Nature. The validity of the induction in question! 
is thus artificially connected with the validity of these 
universally accepted inductions, and we are enabled to 
argue from the truth of the latter to that of the former. 

Uncontradicted experience, of course, implies a great 
variety of instances, and, from this point of view, every 
well-grounded Inductio per Enumerationem Simpltcem 
might be represented as an application of the Method 
of Agreement. But to represent it in this form would 
ol^en weaken its force. For, while our experience may 
be so wide as to justify us in affirming the constant 
union of two or more circumstances, the number of 
other common circumstances, known or suspected, with 
which these are found in invariable combination, may 
be so large as to render it impossible for us to satisfy 
even approximately the conditions of the Method of 
Agreement. Here, as elsewhere, an argument often 
admits of being stated in two ways, and it is the office 
of the logician to state it in that form in which it 
carries the largest amount of conviction, or rather offers 
the most satisfactory kind of proof. 

It is, as I have already pointed out in the First 
Chapter *, by means of an Inductio per Enumerationem 
Simplicem that we establish what have been called 
' Inductions of Co-exis te nce.' This is the case, when, 
as the result of a wide experience, two phenomena 
' Pp. 7-9- 
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I are found to be invariably co-existentj but we have no 
evidence to connect them as cause and effect, or even 
as effects of the same cause. Such are the attributes 
which are found to be invariably united in the same 
Natural Ki nds, that is to say, in the same species of 
plants, animals, and minerals; such are the two pro- 
perties of Inertia an i^ Oravitp. which are found united 
in all matter. In all these cases, there is probably some 
causal connexion, hitherto undetected, between the co- 
existing phenomena ; but while we are unable to apply 
with any success the more refined inductive methods, 
we must content ourselves with regarding the uniformity 
[as simply one of co-existence. If we made any pro- 
gress towards the discovery of a causal connexion, the 
uniformity would be transferred to another category, 
and would rank amongst the inductions discussed in 
the last chapter. Meanwhile, these inductions, depend- 
ing simply on uncontradicted experience, and being at 
present inaccessible to the Methods of Elimination, must 
be regarded as generalisations awaiting further inves- 
tigation '. 

The term ' Empirical Generalisation ' or ' Empirical 
Law ' might be conveniently appropriated to express those 

' For a further discussion of the Uniformilies of Co-existeiice, the 
reader is tefetred lo Mr. Bain's Logic, Bk. jii. ch. 3. I am disposed to 
ctlimate more highly thin Mr. Bain the probibilit}' that these uni- 
formities might, if our knowledge were extended, be ultimitely resolved 
into Uniformilies of Causation, and hence the; do not appear to me to 
require any separate or delatled treatment in a work on Logic. 
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secondary laws (as distinct from UJlJmatfi Laws of Nature*)!' 
which are the result of an Inductio per Enumerationemj 
Simplicem. Though these expressions are employed with] 
great latitude, it is usually regarded as characteristic of an 
Empirical Law or Generalisation that it can only be 



received as true within the limits of the data from which 



it is derived, that at another time, at another place, or 
under different circumstances from those under which tht 
observations were made, it might be found to break 
down ". It is true that, owing to the co.nflict^f _causeS; 
this description applies to many of the conclusions 
arrived at by means of the Inductive Methods, butjt 
_is pe culiarly applicable to th e results o f the Inductio 

* Some of these Ultimate Laws of Natnre, such as the Lav of Uni- 
versal Ciusatioa, the Law of the CoBservation of Force, the invariable 
co-eiistence of Inertia with Oravity, &c., appear to rest simply on nn- 
contradicted npeiience, that is to lay, on an Inductio per Enumerationem 
Simplicem, and itill it would seem paradoxical to speak of them as 
merely ' Empirical Laws.' An Empirical Law might, perhaps, be defined 
as a secondary law. the deriTation of which ii not yet known or even 
inrmised with any probability, or as a subordinate generaliution arrived 
at by an Induclio per Enumerationem Simplicem ; definitions which, it 
will be perceived, are really identical. 1 have, however, avoided any 
qiecial discutnon of what are called ' Empiical I^aws,' both on account 
of tlie eitremely indeteraiinate UK of the expression, and became such a 
discussion is calculated, in my opinion, needlessly to perplex the student 
by the complicated questions to which it leads. The advanced student 
caa refntoMr. Mill's £,a^V,Bk. IIL ch.iv., and Bk.V. ch. v. S 4. but 
he will be introduced, 1 vcntore to suggest, to more difficulliet than he 
will find Kilred. 

' Ste SatckeVt Discouru on thiSmdyo/ Natural Philosophy, i 187, 
and MiU'l Logic, Bk. III. ch. xvi. f 4. 
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^erJEnumeraltonem Simplicem, and it would be ex- 
tremely convenient to possess an espiession by which 
the results of this method inight be at once distinguished 
from those of scientific induction on the one hand, and 
those of analogy (to be discussed presently) on the 
other. Instances of Empirical Laws in this restricted 
sense are such generalisations as that certain animals or 
flowers' are of a cer tain c o lour, that certain tribes of 
are less capable of civilisation than others, and. 



perhaps, that certain appearances of sky are indica tive of 
certain changes ofweather^ There are, of course, some 
cases in which it is difficult to determine whether a 
given conclusion has been arrived at by the Inductio 
per Enumerationem Simplicem or by an imperfect ap- 
plication of the Method of Agreement, that is to say, 
whether it is based on instances taken indifferently, or 
on selected instances. 

Another form of imperfect induction is the Argument 
from Analogy ^ Here we do not argue from a number 

• The colonn of fioweri, however, leem to be in » fair way of being 
accounted for bj the peculiaritiei of their mode of fertilisation. See a 
most interetling work on the Coloun of Floweii, b; Mr. Grant Allen, 
pabliihed in Macmillan^ Natun Series, 1881. 

!' It will be observed that the word 'Analogy' is here employed in the 
senie of ' resemblance.' In the itrictei and more ancient meaning of the 
terra, it ligailies an eqnalit y of relations (iiriinjt yi&ym'). See Aristotle's 
£ltict, Blc V. 3 (8)'. The reader will find the two significations of the 
won] ' Analogy ' discriminated in the EUments <^ Hedw&ve Logic, 
Part III. ch. i. note a. 

Archbishop Whately defines Analogy ai a Resemblance of Relations. 
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of instances, as in the case of Inductio per Enumerati- 
onem Simplicem, but from a number of points of resem- 
blance. The argument is-net, that, because S, T, U, V, 
W, Ac. exhibit the union of m with a, b, c, we may 
therefore expect to find m in Z, or wherever else a, 
b, c may occur ; but that, because X and Y (any two 
or more instances) agree in the possession of certain 
qualities a, h, c, we may expect to End the quality m 
which is presented by X exhibited also in Y. The 
argument is based, not on the number o{ instances in 
which the two sets of qualities are found united, but onl 
the number of qualiiies which are found to be commonf 
to two or more instances : the argument is not that! 
I have so often observed a, i, c in conjunction with tn 
that I believe these qualities to be conjoined invariably, 

Tbii defipition, if intended to repieient the aadcnt ugnilicalion of the 
word, ii iacorrect. The Aiiitatelian Analogy ii in epmlily, not a 
rtstmilaimt of iclations. The iiutance given in Eth. Nic. J. 6 (i 2) <i 
that, in man, the reajon (raw) bean to the living principle (i/vx/t) the 
nme lelalion that the bcull; of <iiion (&^t) beart to the body (<rai/ui) : 
is filp tr aiinari &^, Iv fvxS '"^'- I'he auertioo, in thii instance, 
it iriU be noticed, ii tliat the relation to each other of the two former 
membere of the analogy is, not timilar to, bat the same as, thai of the 
two latter. The Aiittoteiian term Arohiriia, in fact, exactly correspond! 
with the term Piopottion as employed by malhemaliciant, and it wai 
by the word Proportio, when not availing tbemselTCS of the Greek vord 
Aaalogia itself, that the Romans expressed this form of argument. See 
Quindilian. last. Oral. 1. 6 : ' Analogia qum proiime ex Oizco trans- 
ferentei in Latinum prafrorliantm vocaverunt, hzc vis est : Ut id, quod 
dnbinm est, ad aliqnid simile, de qno doq qnzritui, lefciat ; ut incerla 
ceitii piobct.' I am indebted for thii quotation to Mi. Austin's ll^fcfurit 
on yuri^mdtnct, vol. iii. p. 155. 
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I but that I know X and Y to resemble each other in so 
many points that I beiieve them to resemble each other 
in alL 

Thus, because the modn resembles the earth in being 
a large spheroid revolving round another body, as well 
as in various other particulars, it may be argued that 
it probably resembles the earth also in sustaining animal 
and vegetable life on its surface. But, if every ground 
of |;esemblance furnishes a probable reason for assigning 
to the one body any property known to belong to the 
I other, it is evident that every ground of dissimilarity will 
i also furnish a probable reason for denying of the first 
\ body any property known to belong to the second. In 
t ^IMt-V' estimating, therefore, the value of an analogical argumentj 
we must strike a balance between the known points of 
resemblan ce and the known points of difference^ and, 
, i according as the one or the other preponderate, and in 
I the proportion in which the one or the other prepon- 
derate, is the weight of the argument to be regarded 
[ as inclining. I^ for instance, the phenomenon A is known 
to resemblg. the phenomenon B in four points, whereas 
the known points of difference between them are three, 
and it is discovered that some new property belongs to 
' - A but it is uncertain whether it also belongs to B, the 
\ ' value of the analogical argument that it does belong to 
'if |B will be represented by 4 : 3. 

Before, however, we are justified in dramng this in- 
ference, it is necessary to observe certain cautions. 
In the first place, we must have no evidence that there 
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is any causal connexion between the new propertr and 
any of the known points of resemblance or difference. 
If we have such evidence, the argument ceases to be 
analogical, and, i£not^a perfect i nduc ti on, is an imper- 
^f^t i nduction, of the kind to be described presently. 
We know, for instance, that animal and vegetable life on! 
the surface of the earth could not exist without moisture ; I 
but, so far as we are able to ascertain, there is no moisture [ 
on the surface of the moon. Hence we appear to bel 
justified in concluding, not by analogy, but by the Method 
of Differe nce (assuming, of course, the accuracy of the 
observations), that animal and vegetable life, in the sense 
ordinarily attached to those terms, are not to be found on 
the moon's surface '. Again, we happen to know two men 
who bear a considerable resemblance to each other in 
char acter and opinions. One of these men acts in a par-i 
ticular way, and we infer, analogically, that the other will j 
act similarly. But, suppose we ascertain that the act of | 
the former man was due to some particular characteristic, 
say avarice. The inference will now no longer depend 
on the ratio of the known points of resemblance to the 
known points of difference in the characters and opinions 
of the two men, that is, on analogy, but it will dependi 
mainly on the gresence or absence, the strength or weak- 1 
ness, of this particular characterisdc in the second man, | 

* See ihe essay Of tju Plurality 0/ Worlds (uiDatly altribuled to 
Dr. Whewell), ch. \x. lecl. 7-9. The whole of ihii estay furnishes ei. 
eellenl eumples of the fmplojrment of the Argument fiom Analogy, and 
aba illujttatei (he extreme caution and delicacy which are requisite in 
atimating Us nine. 

Q . 
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and, in a sub^diary degree, on the presence or absence, 
the strength or weakness, of corroborating or counter- 
vailing motives ; that is, it will depend, not on analogy, 
but on other modes of induction. 

Secondly, though there must be no evidence to con- 
nect the property in question with any of the known 
points of resemblance or difference, there must, on the 
other hand, be no evidence to disconnect it. If there 
be such evidence, the point of resemblance or difference 
with which we know or beUeve it to be unconnecied 
must, in estimating the value of the analogy, be left out 
of consideration. The reason is obvious. When we are 
enquiring whether this property is more likely to be 
connected with the known points of resemblance or the 
known points of difference, it is plain that we must only 
take into account those points with which there is, at 
least, ^me chance of its being connected. 

Thirdly, we must have no reason to suspect that apy 
of the known points of resemblance or difference, of 
which the argument takes account, are causally connected 
with each other. If the compared phenomena agree in 
the possession of the properties a, b, c, d, e, and of these 
properties 3 is an effect of (or causally connected with) 
a, and i/ is an effect of (or causally connected with) c, 
the only properties which ought to be taken into account 
'in estimating the value of the analogy are a, c, e. The 
iOi;>QII is supposed to jdiffer .from the f^ ph in having 
no _clouds and no water, but, as these two properties 
,are mutually connected in the way of cause and 
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effect, they can only be allowed to count as onet 
item in instituting a comparison, for the purposes] 
of analogy, between the known points of resembtancej 
and the known points of difference in the two bodiesj 
The enormous difference. on_the other hand, between the 
maximum an d minimum temperature of any place on^Ee 
moon's surfac e, owing to the extreme lengt h of the lunar 
days and nights and the ahs^pce of ^ft j -jftnaihlp ftpr|p-^ 
sphere , constitutes a distinct poi nt of differen ce j and, 
as such, furnishes an additional argument against the 
habitation of the moon. When we ask to which side_ 
the argument from aaal9 ,g )f inclines, we are asking 
whether it is more probable that the property in question 
(known to belong to the one phenomenon, but not 
known either to belong or not to belong to the other) is 
connected, by way of causation, with one of the known 
points of res emblance, or with one of the known points of 
difference ; but, in calculating the probability, it is essen- 
tial that every point should, so far as we know, be in- 
dependent of every other ; for it is only in virtue of each 
being supposed to be an ultimate property or to point to. 
an ultimate property that it has any claim to be taken 
into the account Thus, if any two of the properties 
are found to be joint effects of the same cause or 
stand to each other in the relat i on of cause and effect, 



they furnish only one argument instead of two. If we 
say of A that he is Ukely, under some particular con-? 
juncture of circumstances, to act in the same manner as 
B, because they are both of them vehu and selfish, we 

Q 3 
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! should not strengthen our argument by adding a number 
of characteristics which are deducible from vanit)' and 
!' selfishness, or by adducing a number of individual acts 
in which these qualities have been exhibited. 

Fourthly, it is only when we have reason to suppose 
that we are acquainted with a considerable proportion of 
the properties of two objects, that the argument from 
analogy can have much weight . If we know only a few 
properties out of a large number, they may happen to be 
precisely those which are exceptional rather than repre- 
sentative, points of similarity where the objects themselves 
are mainly dissimilar, or points of dissimilarity where the 
I objects are mainly similar. Thus, we know that in some 
I respects the planet Mars closely resembles the earth, as, 
I for instance, in having an atmosphere, a surface dis- 
i tributed into land and water, and a temperature in which 

ilife similar to that on our own globe might exist: 
_ but it would be very rash to conclude from these data 
* that it also resembles the earth in sustaining animal and 
1 vegetable life on its surface ; for, though life, such as we 
understand it, does not appear to be impossible on the 
planet Mars as it appears to be on many of the other 
celestial bodies, the number of properties with which we 
are acquainted is so small as compared with the number 
of properties with which we are unacquainted that there 
is little or nothing on which to ground even a probable 
conclusion. On the other hand, the analogy by which 
Kepler boldly extended the three laws gained from the 
observation of the .motion of . Mars to the remaining 
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rianets was a perfectly sound one; for the orbit of a 
plane^ as compared with ihe condition_ of its surface, is 
a very simple phenomenon, and what was known of the 
orbits of Ihe other planets made it appear more likely 
that they would correspond with the orbit of Mars than 
that they would differ from it. 

The value of the Argument from Analogy, then, we see, 
depends on the ratio of the ascertained points of resem- 
blance to (i) the ascertained points of difference, (z) the 
entire assemblaefe of the properties of the objects com- 



pared. If the ascerta ined resemb lances are numerous, 
the ascertained differences feWj and we have reason to 
think that we are jrell acquainted with the objects com- 
pared, the argument from analogy is very forcible. If, 
on the other hand, the ascertained resemblances only 
slightly exceed in number the ascertained differences, or 
if we have reason to suppose that there are numerous 
properties in the compared objects with which we are un- 
acquainted, the value of the argument from analogy may 
be very slight It is commonly said that the value of 
argument from analogy ranges from certainty to zero. 
If it reaches certfunty, the argument becomes a com- 
plete induction; if it falls to zero, it ceases to be an^ 
argument at all ; if the probability is expressed byl 
less than o ne- half , that is, if the number of ascertained 
resemblances be less than the number of ascertained 
differences, it is usual to say that analogy is against 
the possession by the one object of a quality known 
to belong to the other, or, in other words, in favour 
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of their differing in the possession of this quality rather 
than agreeing in it. 

'Besides the competition between analogy and diver- 
sit_j^' says Mr. Mill', 'there may be a competition of 

I conflicting analogies .' An object may be known to 
resemble one object in some particulars and another in 
(others, and it may be a question with which of the two 

iit ought to be classed, or which of the two it is the more 
likely to resemble in some unknown property. Thus, 
for some time it was a question whether a sponge was 
an animal or a vegetable substance ; and it is often by 
t conflicting analogies that we attempt to determine to 
which of two or more masters a pa jptlng ; or a statue 
. j should be ascribed. 

I The extreme caution which is requisite in employing 

the Argument from Analogy may be illustrated by the 

I following scientific errors which have resulted from a 

^ hasty and inconsiderate employment of this mode of 

"■ reasoning. 

" Sir W. Grove, in his Corrdalion of Phytical Forces ", 
^while combating the once fashionable doctrine of electrical 
' fluids, brings into juxta-positlon two very interesting in- 
stances of hasty analogies. 

' The progressive stages,' he says, ' in the History of Phy- 
sical Philosophy will account in a great measure for the adop- 
tion by the earl)" electricians of the theories of fluids. 

• Mill's Logk, Bk. III. ch. xx. % j.SrtT.fa. 
"' Fifth edition, p. 135. 
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' The ancients, when they witnessed a natural phenomenon, 
removed from ordinary analogies, and \iaexplained by any 
mechanical action known to theni, referred it to a sou), a 
spiritu al or preternatural power : thus amber and the magnet 
were supposed by Thales to have a sou! ; the functions of 
digestion, assimilation, &c., were supposed by Paracelsus to . 
be efiected by a spirit (the Archxus). Air and gnses werei 
also at lirst deemed spiritual, but subsequently became in-l 
vested with a more material character; and the word gasj 
from geist, a ghost or spirit, affords us an instance of the 
gradual transmission of a spiritual into a physical conception. 

' The establishment by Torricelll of the ponderable cha- 
racter of air and gas, showed that substances which had been 
deemed spiritual and essentially different from ponderable 
matters were possessed of its attributes. A less superstitious 1 
mode of reasoning ensued, and now aeriform fluids werel 
shewn to be analogous in many of their actions to liquids orl 
known fluids. A belief in the existence of other fluids, differ-l 
ing from air as this differed from water, grew up, and when 
a new phenomenon presented itself, 1 
hypothetic fluid for explaining the phen 
ing it with others; the mind, once pHKsessed of the idea of 
a fluid, soon invested it with the necessary powers and pro- 
perties, and grafted upon it a luxuriant vegetation of imaginary 
offshoots.' 

Most of my readers will be aware of the difficulties 
experienced by the early geologists in accounting for 
the fact that the strata of our own and oth er nor the m 
countries often contain remains o f animals and shells I 
akin to those which are how to be found only in the j 
torrid zone. This difficulty is easily explained by sup- 1 
posing a different distribution of land and water over the 
surface of the globe from that which at present exists.. 
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I But we must pause before we admit the inference that, 
Ibecause these animals and shells are aim to those which 
lare now found only in warm chmates, Ihey must, there- 
Ifore, have subsisted in a similar temperature. 

'When reasoning on such phenomena,' says Sir Charles 
Lyell ", ' the reader must always bear in mind that the fossil 

1 individuals belonged to ipecicj of elephant, rhinoceros, hippo- 
potamus, bear, tiger, and hyzna, distinct from those which 
now dwell within or near the tropics. Dr. Fleming, in a 
discussion on this subject, has well remarked that a near 
resemblance in form and osteoloKJcal structure is not always 
followed, in the existing creation, by a similarity of geo- 

I firaphic al distributionj and we must therefore be on oar 
guard against deciding too confidently, from mere analogy of 
anatomical structure, respecting the habits and physiological 
peculiarities of ipeciei now no more. " The zebra delights to 
roam over the tropical plains ; while the horse can maintain 
its existence throughout an Iceland winter. The bulfalo, like 
the zebra, prefers a high temperature, and cannot thrive even 
where the common ox prospers. The musk ox, on the other 
hand, though nearly resembling the buffalo, prefers the stinted 
herbage of the arctic regions, and is able, by its periodical 
migrations, to outlive a northern winter. The jackal {Cams 
aureus) inhabits Africa, the wanner parts of Asia, and Greece; 
while the isatis {Canii lagofui) resides in the arctic regions. 
The African hare and the polar hare have their geographical 
distribution expressed in their trivial names;" and different 
species of bears thrive in tropical, temperate, and arctic 
latitudes. 

' Recent investigations have placed beyond all doubt the 
important fact that a species of tiger, identical with that of 

" Lyell'i Priiuiflis 0/ Otology, ch. li, (ninth edition) ; eh. x. (tenth 
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a the neighbourhood of Lake Aral, near 
Sussac, in the forty-fifth degree of north latitude; and from 
time to time this animal is now seen in Siberia, in a latitude 
as far north as the parallel of Beriln and Hamburgh. Hum- 
boldt remarks that the part of Sout '<- n . sia now inhabited 
by this Indian species of tiger is separated from the Himalaya 
by two great chains of mountains, each covered with perpetual 
snow, — the chain of Kuenlun, lat. 35° N., and that of Mouz- 
tagb, lat. 41°, — so that it is impossible that these animals 
should merely have made excursions from India, so as to 
have penetrated in summer to the forty-eighth and fifty-third 
degrees of north latitude. They must remain all the winter 
north of the Mouztagh, or Celestial Mountains. The last 
tiger, killed in 1828, on the Lena, in lat. 51^°, was in a climate 
colder than that of Petersburg and Stockholm.* 

Neither through Analogy nor through Induction by 
Simple En umeration can we es , tablish a fact of Causation, 
though the conclusions of either of these methods may 
suggest to us such a fact. When we begin to suspect 
that any one circumstance or set of circumstances is the; 
cause or the effect of another, or connected with it in the t 
way of causation, w e ought at once to attempt to apply, ! 
if possible, one or more of the Experimental Methods, j 
If we can satisfy ourselves that their conditions, or those} 
of any one of them, have been rigorously fulfilled, we , 
have, of course, obtained a VaM Jnducjion, giving us ; 
either absolute or moral certainty. But something con-; 
siderably short of a rigorous fulfilment of these conditions | 
may still lead to a conclusion, possessing more or less of' 
probab ility. We may, for instance, to take the Method | 
of Agreement, feel uncertain whether a and i (any two 
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circumstances) are the only material circumstances which 
the cases we have examined exhibit in common; but still 
we may have examined so many, so various, and so well 
selected instances, that we maybe justified in regarding 
it as highly probable ihat the two circumstances stand to 
each other in the relation of cause and effect, or are, at 
least, connected in the way of causation. Similarly, to 
take the Method of Difference, in the act of introducing 
a new antecedent, we may have unwittingly introduced 
some other new antecedent, or, in omitting an antecedent, 
we may have unwittingly introduced or omitted some 
other antecedent ; but still we may have exercised such 
extreme caution «s to justify us in feeling an assurance 
amounting almost, though not altogether, to certainty 
that the experiment has been rightly performed. The 
less our assurance of this fact, the slighter is the prob- 
ability of the conclusion. 

There remains one case, which is attended with some 
perplexity. It sometimes happens that, though we may 
be unable to establish a fact of causation between twp_ 

I particular phenomena, we may be able to show that some 
one phenomenon stands in a causal relation to some one 
or other of a definite number of other phenomena. Thus, 

■ supposing a vegetable to be transplanted to a distant 

■ part of the world, we may be able to assure ourselves, 
by excluding other causes of difference, that aiiy new 
qualities which it may assume are due eitljetto difference 
of climate, or to difference of soil, or to both these causes 
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conjointly, though our knowledge may not enable us to 
assign amongst these alternatives the particular cause or 
combination of causes to which the effect is due. Now 
ought such an Inference to be classified as a perfect 
an imperfect Induction f If we content ourselves with 
stating the a lternatives, the inference should be regarded, 
so far as it goes, as a Perfect Induction ; for within the 
limits stated the conclusion may be considered absolutely 
certain. But if, on any grounds, we suppose on£_^ 
th ese alternatives t o „be .more probable t han the others, 



and we state this as our conclusion, the inference is, of 
course, only a probable one, and should rank 
perfect Induction. 

The same remarks will apply to those cases in which 
there is any u ncertainty as to the nature of the fact of 
causation. If ihejnferenM be, say, that the two pheno- 
mena either are one cause and the other effect, or stand 
to each other in the relation of cause and effect, though 
we may be unable to determine which of the 
cause and which is effect, or are both of them eflfecls of 
the same cause (adding any other alternatives which thi 
particular case may require), the inference is, so far as it 
goes, a Perfect Induction. But, if one or some only of 
these alternatives be selected, on any grounds short of 
absolut e or moral certainty, to the exclusion of the 
others, the inference is only probable, and must be re- 
garded as merely an ^mperfcct Induction. 

Briefly to sum up the contents of this chapter, Imper- 
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feet Inductions are the results either of an Inductio per 
Enumerationem Simplicem (to which I propose to ap- 
propriate the expression ' Empirical Generalisations'), or 
of the Argument from Analogy (which I call _Analogies), 
or of an imperfect fulfilment of one or other of the Induc- 
tive Methods (to which we might, perhaps, advantageously 
appropriate the expression ' Incomplete Inductions') . In 
(the two former cases there can be no more than an 
I intimation of a_Fact of ^Cgjiaitiigni while in the last we 
I conceive ourselves to be op the way towards establishing 
lone. 
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CHAPTER V. 

On the relation of Induction to Deduction, 
and on Verification. 

THE results of our inductions, are summed up In 
general propositions, which are not unfrequently stated 
in the shape of mathematical formube. These general 
propositions, the results of inductive reasoning, become, 
in turn, the data from which deductive reasoning pro- 
ceeds. Though the major premiss of any single deduc- 
tive argument may itself be the result of deduction, it 
will invariably be found, as pointed out long ago by 
Aristotle ^, that the ultimate major premiss of a chain of| .\ , ;' 
deductive reasoning is a result of induction. There must|_;_;' 
be some limit to the generality of the propositions under ■ 
which our deductive inferences can be subsumed, and, 
when we have reached this limit, the only evidence on 
which the ultimate major premiss can repose, if it depend 
on evidence at all, must be inductive. Thus, most of 
the deductions in the science of Astronomy, and many 

Ik tSiv saBiKov. Eiaty &pa d/Ofol If Sf 3 avU.OTifffi^, Sm otiM lim 
miKXo-fiirn6s' tvaferyil ipa. — EA. Nic. »i. 3 (3), Cp. Eth, Nic. i\. 
6, 8 (9); Mitefhysies, i. t ; Posurior Analytics, iL 19. 
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of those in the science of Mechanics, depend ultimately 
lon the Law of Universal Gravitation; but Ibis Law itself 
is the result of an induction based upon a variety of facts, 
tincluding both the fall of bodies to the earth and the 
(motion of the planets in their orbits. Again, a large 
number of geometric^ deductions may be traced up to 
the ultimate major premiss: 'Things that are equal to 
[ the same thing are equal to one another.' But this 
I proposition, if not referred directly to induction, is classed 
under the head of intuitive o ^Tpptinnfii the most prob- 
able, though perhaps not the most commonly received, 
eicplanation of which is that which derives them from the 
accumulated experience of generations, transmitted here- 
ditarily from father to son. 

A peductive Inference combines the results of previous 
inductions or deductions, and evolves new propositions 
as the consequence, or, to put the matter in a slightly 
different point of view, as expressing the total result, 
of these combinations. I append a few easy examples 
of the manner in which the results of i nduction are em- 
ployed in a deductive ar ^mem. 

To begin with a very simple instance, but one which 
twill serve as a good illustration of the stage at which 
I our investigations cease to be inductiv g and become 
jdeductive^ — suppose we have ascertained, by previous 
inductions, that A produces a, B produces b, C pro- 
] duces — 5, D produces J, and E produces ;, we know, 
I by calculation — that is, by deductive reasoning — that the 
total effect of A, B, C, D, E is b +5. In this case the 
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simple rules of Algebra, governing the addition and sub- 
traction of quantities, combined with the special data 
here furnished, are the premisses from which our dg; 
ductive reasoning proceeds. 

The proposition proved in Euclid, Book i. Prop. 38, 
that 'Triangles upon equal bases, and between the same 
parallels, are equal to one another,' is derived from, or 
is the total result of, the previous deductions (i) that 
■ Paral lel ograms, upon equal bases, and between ihe same 
parallels, are equal to one another,' (2) that ' Triangles 
fonned by the diagonal of a parallelogram are each of 
them equal to half the parallelogram ' (L 34), and (3) the 
previous induction that ' the halves of equal things are 
equal.' 

What is called the Hy drg s ladc_ ^j ^dox . namely, that 
a man standing on the upper of two boards, which 
form the ends of an air-tight leather bag, and blowing 
through a small tube opening into the space between the 
board, can easily raise his own weight, is a combination* 
of two propositions, both gained from experience byl 
means of induction, these propositions being (i) thatj 
fluids transmit pressure equally in all directions, (3) that 
the greater the pressure brought to bear on any siu'face 
from below, the greater the weight which it will sustain 
(otherwise expressed by the Mechanical Law that action 
and reaction are equal). 

To take another very simple instance of a similar kind. 
One of the earliest and easiest problems in the Science 
of Optics is the following : ' A conical pencil of rays is 
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incident upon a. plane reflecting surface; to determine 
the form of the reflected pencil' The solution, that the 
reflected pencil will be a cone having for its vertex a 
certain imaginary point, which can be geometrically deter- 
mined, on the other side of the surface, is derived from a 
combination of the ^perimental truth, gained b y induc - 
tion, that 'the angle of reflexion is equal to the angle 
of incidence' with the geometrica l propositions stated in 
Euclid i. 8 and i. 29. 

In the Science of Political Economy, Ricardo's Theory 
of Rent, when stated in the slightly modified form that 
'the rent of land represents the pecuniary value of the 
advantages which such land possesses over the least 

I valuable land in cultivation,' is an easy deduct to n from 
two principles which are supplied by every one's ex- 
perience, namely, (r) that land varies in value, and (2) 
that there is some land either so bad or so disadvan- 
tageously situated as to be not worth the cultivating*. 

Professor Caimes' work on the Slave Power furnishes 
a remarkable example of the successful application of the 
dedu ctive method to the determination of economical 
; questions. The economical effects of slavery are thus 
I traced. We learn from observation and induction that 
; slave labour is subject to certain characteristic defects: 

* Tbe ilodent will find an tisj exposition of ihii Tbeorj in Fawcett't 
JUamal of Politic iFnmimy, Bk, ll.ch, liL odinrt. At originallyitiled, 
Ric»rdo't theory neglected to like iceount of advanUgei of tituation, 
inch a> pcoxiniitjr to a market, and regarded tbe ralne of land ai 
depending solely on its fettjlily. 
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it is given reluctantly; it is unskilful; and, lasUj, it is 
wanting in versatility. As a consequence of these ctia* 
racteristics, it can only be employed wi± profit wiien it 
is possible to organise it on a. large scale. It requires 
constant supervision, and this for small numbers or 
for dispersed workmen would be too costly to be re- 
munerative. The slaves must, consequently, be worked 
in lai^ gangs. Now there are only four products wliicli 
repay this mode of cultivation, namely, cotton, sugar , 
tobacco, and rice. Hence a country in which slave 
labour prevails is practically restricted to these four 
products, for it is another characteristic of slave labour, 
under its modem form, that free labour cannot exist 
ade by side with it. But, besides reBtricting cultivation 
to these four products, some or all of which have a 
peculiar tendency to exhaust the soil, slave labour, from 
its want of versatility, imposes a still further restriction, 
' The difficulty of teaching the slave anything is so great 
—the result of the compulsory ignorance in which he is 
kept, combined with want of intelligent interest in his 
work — tiiat the only chance of rendering his labour 
profitable is, when he has once learned a lesson, to keep 
him to that lesson tor life. Accordingly, where agricul- 
tural operations are carried on^ by slaves, tiie business of 
each gang is always restricted to the raising of a single 
product. Whatever crop be best suited to the character 
of the soil , and the nature of slave industry, whether 
cotton, tobacco, sugar, or rice, that crop is cultivated, 
and that crop only. Rotation of crops is thus precluded 

R 
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by the conditions of the case. The soil is tasked again 
and again to yield the same product, and the inevitable 
result follows. After a short series of years its fertility 
is completely exhausted, the planter abandons the ground 
which he has rendered worthless, and passes on to seek 
in new soils for that fertility under which alone the 
agencies at his disposal can be profitahly employed.' 
Thus, from the characteristics of slave labour may be 
deduced the economical effect of exhaustion of the soil 
on which it prevails, and the consequent necessity of 
constantly seeking to extend the area of cultivation. 
From the peculiar character of the crops which can 
alone be successfully raised by slave labour may be ex- 
plained the former prevalence of slavery in the_Sonthern, 
and its absence in the Northern, States of the American 
Union ; and from the necessity of constantly seeking 
fertile virgin soil for the employment of slave labour may 
be explained the former policy of the Southern States, 
which was invariably endeavouring to bring newly consti- 
tuted States under the dominion of slave institutions *. 

I These examples of the combination of inductive with 
deductive reasoning might be multiplied to. any extent. 
Mechanics, Astronomyj and the Maiheraatico-physical 
sciences generally, furnish, perhaps, the most striking 
I instances of it. The great importance of deduction 
', as an instrument for the ascert^nment of physical truths 

' S«« Professor Cairnei on the Slave Poorer, ch. ii. Hit argamenu are 
lilted ia a caadeoted foim in VivctAX'i Manual of PoSilicat Economy, 
Bk. II. cb. li. 
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could hardi)' be illustrated more appropriately than by the 
following cases adduced by Sir John Herschel': — 

' It had been objected to the doctrine of Copernicus, that, I 
were it true, Vepus [and, it might have been added, Mercury, 
as the other inferior planet] should appear sometimes homed I 
like the moon. To this he answered by admitting the coo- \ 
elusion, and averring that, should we ever be able to see its 
actual shape, it ivotdd appear so. It is easy to imagine with 
what force the application would strike every mind when the 
telescope confirmed this prediction, and showed the planet 
just as both the philosopher and his objectors had agreed it 
ought ta appear. The history of science aJTords perhaps only 
one instance analogous to this. When Dr. Hutton expounded 
his theory of the c^jjolidatio^jfrock^by the application of | 
heat, at a great depth below tne bed or tne ocean, and espe- 
cially of that of marble by actual fusion; it was objected that,| 
whatever might be the case with others, with calcareous or 
marble rocks, at least, it was impossible to grant such a cause 
of consolidation, since heat decomposes their substance and 
converts it into quicklime, by driving olF the carbonic acid, 
and leaving a substance perfectly infusible, and incapable even 
of agglutination by h^at. To this he replied, that the pressure 
under which the heat was applied would prevent the escape 
of the carbonic acid ; and that being retained, it might be 
expected to give that fusibility to the compound which the 
simple quicklime wanted. The next generation saw this 
anticipation converted into an observed fact, and verified by 
the direct experiments of Sir James Hall, who actually suc- 
ceeded in melting marble, by retaining its carbonic acid under 
violent pressure.' 

It should be noticed that, for the most part, in the 
actual conduct of scientific enquiry, there is a constant 
* Diatourst «i Iht Study of Natural Phihsophy, | 399. 
'' R 3 
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alternation of the processes of Induction and Deduction. 
A truth obtained inductively is often at once used, either 
by itself or in combination with other propositions, for 
the purpose of evolving new truths by deduction, while it 
may also be aulisequently employed together with other 
inductions of the same order for the purpose of leading 
up inductively to propositions of a higher degree of 
generality. We are constantly passing from the one 
process to the other, and back again, and often it becomes 
exceedingly difficult to determine exactly how much of 
our ultimate conclusion is due to the one method, and 
how much to the other. It is an error (though this error 
has received the countenance of Bacon) to suppose that 
Eet^'U^^jB ,tbe process of induction should always be pursued con- 
tinuously up to a certain point, and that from that point 
the process of deduction should proceed equally uninter- 
ruptedly. We may, and in fact should, frequently pause 
to consider to what deductive conclusions our inductive 
inferences, lead, or to try whether they may not be con- 
nected by a chain of deductive reasoning with wider 
trutlis previously ascertained*. 

A very common instance of the constant interlacing of 
the inductive and deductive processes just noticed is to 
be found in the ordinary mode of framinf^ and eroplovintf 
hypotheses. First, our hypotheses are always suggested 
by some fact, or facts, within our experience. They are 
thus based on a rough kind of induction. When framed, 

' On ttdi mbject, lee the excellent criticiira on Bacon in Mr. MilTi 
icgfc, Bk. VI. di. ». t sX^flb- 
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we generally proceed to trace the consequences vhich 
would ensue on the supposition of their trath. This is 
a deductive process. Individual facts or inductions from 
individual facta are then compared with these results, and, 
if they agree with \hem, are regarded as confirmatory of 
the hypothesis. Of course, these processes may be fre- 
quently repeated, and are often so repeated, the hypo- 
thesis thus constantly gaining in probability, even though 
it may as yet have no claim to be regarded as an esta- 
blished truth. Lastly, if it attain the position of a valid 
induction, it must be by the application of one or other 
of the inductive methods, which converts its previous pro- 
babili^ into scientific certsunty. Or, perh^s, it may be 
finally established not by induction at all, but by being 
brought deductively under some more general law. 



These remarks and the instances adduced above natu- 
rally lead to a discussion of the place to be assigned in 
scientific enquiry to the process called Verification. In 
Deductive Reasoning, especially when it involves elaborate 
calcolations, there is always great danger lest we should 
have omitted to take into account some particular agency 
or element, or have miscalculated its effects, or have 
formed a false estimate of the combined effect of the 
various agencies or elements in operation. The only 
remedy against these possible errors, besides the employ- 
ment of great caution in the conduct of the deductive 
process itself, is to be found in Verification, a word which. 
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■ /!- in its stricter sense, appears to be applied to the process 
of testing, by means of an appeal to facts, the validity of 
the conclusions already arrived at by a course of deduc- 
tive reasoning. Thus it had been deductively inferred 
from the Copemican theoiy that the planets Venus and 
Mercury ought to pass through phaseSj like' the moonf 
and the application of the telescope, by means of which 
they were actually seen to assume these phases, furnished 
a triumphant verification of the inference. Every occur- 
rence of an e clipse o f the sun or moon or o f the transit 
or occu ltation of a star, when it accords with the previous 
calculations of astronomers, is also an instance of Verifi- 
cation in this, the stricter, sense of the term. But the 

/^\ word is oflen used in a looser sense and extended to all 
cases in which an appeal is m ade to facts, as, for instance, 
when we perfoim an experiment in order to test the truth 
of a hypothesis, or where we employ the Method of 
Difference in order to supplement the characteristic un- 
certainty attaching to the employment of the Method of 
Agreement. Of the process denoted by this looser sense 
of the word, instances will readily occur to every one. 
Thus, the diminntion in the periods of Encke's comet has 
been regarded by some astronomers (though, perhaps, 
erroneously) as a veriBcation of the theory that space 
is filled with an interstellar medium ; or, to take an in- 
stance from a very different class of subjects, the recent 
breaking-up of the slave-system in the Southern States of 
America may be regarded as a verification of the pre- 
diction that slave and free institutions could not long 
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co-exist under the same poItUcal form of government. 
For an instance of a case in which the Method of Dif- 
ference is called in to verify a previous employment of 
the Method of Agreement, I may refer back to the 
enquiry into the cause of crystaUization, already adduced 
in my discussion of those two methods '. 

There is a still wider application of the word Veri- 
fication, by which it is extended to anj corroboration of , 
one mode o f proo f by m ea^tg of a^npther. It thus in- 
cludes a deductive proof adduced in corroboration of an 
inductive one. The most common instance of this kind 
of verification is the inclusion of a partial under a 
more general law, the partial law having been arrived 
at inductively , and it being subsequently shown that the 
more general law leads deductive ly to it. Thus, the 
phenomena of the Tides had, prior to the epoch of 
Newton, been partially explained by the inductive me- 
thod. Newton, by deducing these phenomena from the 
Law of Universal Gravitation, not only afforded a much 
more complete explanation, but also fiimished the most 
convincing verification of the results already arrived at. 
Similarly, the laws of falling bodies on the earth's sur- 
face, which had already been proved inductively, were, 
from the time of Newton, brought under the law of uni- 
versal gravitation, and proved deductively from it The 
same was also tiie case with Kepler's Laws, when they 
were proved deductively from the theorem of the Central 
Force, This mode of Verification is recommended by 
• Seepp. 143,154, 155. 
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Mr. Mill, under the nsme of the Inverse Dediictiye or His- 
Cfttf«4lf torical Method, as specially applicable to generalisations 
on sodety which have been inferred inductively from the 
study of history or the observation of mankind. These 
generalisations are subsequently verified by being con- 
nected deductively with the general laws of mind or 
conduct which are furnished by the study of Psychology 
ir-4W;rj^. or Etho!ogy4 H is thus shown that the generalisationg 
of history are such as we might have anticipated ^ priori 
from a. general knowledge of human nature, and each 
branch of the enquiry is made in this mauner to afford 
a striking confirmatiDn of the results arrived at by the 
Other. 

It frequently happens that what may be called a re- 
sid ual p henomenon affords an unexpected, and, on that 
account, a striking verification of some law which is not 
immediately the object of investigation. Thus, to recur 
to an instance already adduced for another purpose, 
I when it was found that the difference between the ob- 
I served and calculated^ velocities of sound was exactly 

I ^ See ibore, pp. loi-toj, >ad Mill'i Logic, Bk. VI. cb. x. I caanot 
agree with Mr. Mill ia attaching an; ipecial importance to the ardtr 
ia which the reipcctive Melhodt are uied in thU enquirj. Though the 
mductive inveillgatioi), based oa the factt of hiuoiy 01 observitioD, 
geneially precedei the deJuctire veriGcatioD from the Uwi of ptj^O- 
logy, wa ma;, and (omeliinet do, bepa with pijchologicil gcaeralin- 
tiont, and iqbicquentl; Terify tbcm by an appeal to obieired factt. 

t The only etiential point it, that the two Melhodi ihould be combined, 

I to that the reiulu anived at by the one may coiroborate the Tcinltt 

I anived at by the other. 
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accounted for by the kw of the development of heat by 
compressioD, this law acquired so novel and strikitig a 
confirmation as to leave no doubt of its truth or univer- 
salis. 

The following examples, both taken from Lyell' 
Principles of Geology', will be interesting, the one as 
affording a verification, though by no means a complete 
one, of the bold theory of cosmical clouds, the other as 
presenting an instance of a very plausible theory which 
fails to receive any verification from an appeal to facts. 

' There is still another astronomical suggestion respectiogl 
the possible causes of secular TO riations^in the te rrestriall 
climates which deserves notice. It has long been known that) 
certain stars are liable to great and periodical fluctuations in 
splendour, and Sir J. Herschel has lately ascertained (Jan. 
1840), that a large and brilliant star, called alpha Orionis, 
sustained, in the course of »x weeks, a loss of nearly half 
its light. " This phenomenon," he remarks, " cannot fail to 
awaken attention, and revive those speculations which were 
first put forth by my father Sir W. Herschel, respectmg the 
possibility of a change in the lustre of our tun iucif. If there 
really be a community of nature between the s^n and lised 
^ars, every proof that we obtain of the extensive prevaleuce 
of such p eriodical changes in those remote bodies, adds to the 
probability of finding something of the kind nearer home." 
Referring then to the possible bearing of such facts on an- 
cient revolutions in terrestrial climates, he says, that "it is 

* Ch. viu, (nimb edition) \ ch. xiii. (tenth editioa). The foonet 
pinige appean not to be embodied in the last edition. Virioui other 
tbeoriet bate been propoted in order to account ibr Ihe appearance of 
tentporaiy nan. See Onitlemin, Th* Btavftt, and Lardnei'i Aindfrool 
<^ Atiroimmy, tbiid edition, edited and revi>ed by £. DunkJn. 
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a matter of observed fact, that maay stars ba-ue undergone, in 
past ages, within the records of astronomical history, very 
extensive changes in apparent lustre, without a change of 
distance adequate to producing such an effect. If our sun 
were even mtriiuicalfy much brighter than at present, the 
mean temperature of the surface of our globe would, of 
course, be proportionally greater. I speak now not of perio- 
idical, but of secular changes. But the argument is compli- 
cated with the consideration of the possibly imperfect 
transparency of the celestial spaces, and with the cause of 
that imperfect' transparency, which may be due to material 
non-luminous particles diffused irregularly in patches analo- 
gous to nebulz, but of greater extent— to cotmical cleud j, in 
short — of whose existence we have, 1 think, some indication 
in the singular and apparently capricious phenomena of tem- 
porary stars, and perhaps in the recent extraordinary sudden 
increase and hardly less sudden diminution of Argui" ' 

I ' The gr adual diminution of th e _s ilpr"""^ r'''^f'^''"' *"'^_ 
k f the glo be has been resorted to by many geologists as the ' 
Principal cause of alterations of climate. The matter of our 
planet is imagined, in accordance with the conjectures of 
Leibnitz, to have been originally in an intensely heated state, 
and to have been parting ever since with portions of its beat, 
and at the same time contracting its dimensions, Tliere are, 
undoubtedly, good grounds for inferring from recent observa- 
tion and experiment, that the temperature of the earth in- 
creases as we descend from the surface to that slight depth 
:to which man can penetrate ; but there are no positive proofs 
of a secular decrease of internal heat accompanied by con- 
; traction. On the contrary. La Place has shown, by reference 
to astronomical observations made in the time of Hipparchus, 
that in the last two thousand years at least -the re has been 
no sensible contraction of the globe by coolingj for, had 
this been the case, even to an extremely small amount, the 
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day would have been shortened, whereas its length has 
certainl]' not diminished during that period by ji^th of a 
second.' 

In this case, however, no argument can fairly be de- 
duced from the non-verification of the theory, as the 
period of our observation, when compared with the 
enormous geological eras of which it is necessary to 
take account in these speculations, is so short as possibly 
to be infinitesimal. The theory receives no verification 
from the fact s to which we appeal, but we cannot say 
that it is disproved, or even rendered improbable, by 
their failure to support it. 

It need hardly be remarked that any verification of 
one inductive proof by another, or of an induction by 



a deduction, or of a deductio n by_ an induction, should 
conform to the laws of deductive or inductive reasoning 
as the case may be. Verifi cation is not a distinct mode 
of proof, but is simply a confirmation of one proof by 
another, sometimes of a deduction by an induction, 
sometimes of au induction by a deduction, and, finally, 
sometimes of one induction or deduction by another. 

The student will, of course, understand that it is not 
always necessary to employ Verification. A proof may 
be so cogent as to need no confirmation. It would be 
absurd, for instance, to appeal to actual measurement 
as a verification of the proposition enunciated in Eutlid, 
i. 47. 
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^■■^^. CHAPTER VI. 

On the Fallacies incident to Induction. 

THE errors incidental to inductive reasoning and to 
its various subsidiary processes have already, to a great 
extent, been noticed in the preceding chapters. In 
laying down the conditions essential to the correct 
conduct of a process, the mistakes which result from 
its incorrect conduct necessarily form part of our enquiry. 
Though, therefore, it may be convenient to pass the 
induaive fallacies in review, it is assumed that the student 
is already acquainted with the principal errors to which 
his processes and methods are liable. 

A. To begin with the subsidiary processes, the errors 
incident to the process of observation, or ' the fallacies 
a^tt jof mis-observation. ' are well classified by Mr. Mill as 
those which arise from Noii-observation and those which 
arise from M^l-observadon. 
'.39f I, Non-observation may consist either (i) in neglecting 
some of the instances, or (2) in neglecting some of the 
circumstances attendant on a given instance. 

(i) With respect to the non-observation o f instances, it 
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was long ago pointed out by Bacon ' that there is in the] 
human mind a peculiar tendency to dwell on affitmativej 
and to overlook negative instances. Familiar examptesj 
of this tendency will readily occur to every one. We 
think it a 'ciirious coincidence' that we should suddenly 
meet a man of whom we have just been talking, that 
some event should happen of which we dreamed the night 
before, or that the predictions of a fortune-teller or an 
almanac should be verified by the facts. The explana- 
tion of these ' curious coincidences ' is that our at- 
tention is arrested by the affirmative mstances, whereas 

' ' IntcUcctni humanus in iii qax seme] placueruot (ant quia recepta 
innl et crediti, aul quia delectaat) ilii etiam omma tiahjt ad mfliaga. 
lionem ct coatentum cnm illic ct licet mijoi lit initantiimm vii et 
copia, qDz occuirunt in coatrarium ; tamen eat ant noD obtCTTat, aut 
conteroait, aul diitinguendo summovet et rejicil, non line magna et 
petnicioio ptejudicio, quo prioribui iUJt (yllepsibui anctoiitai maneat in- 
TJolata. Itaque lecte lespoadit ille, qui. cnm inipenia labuU in tempio 
ei maDitiaretor eorum qui Tota lohetant quod naufragii peiknlo elapii 
■int. atquc jatenogaodo premcrelur, aune turn quidem Deorum aumen 
agooiceret, quKuvil denua, " At nbi ninl ill! depicti qui poit vota nan- 
cupata perierint?" Eadem ratio «it fere omoit luperstitionit. at in aitro- 
togicii, in lomoiis, ominibui, nemenbui, et hujutmodi ; io qnibut homiaet 
deleclati hDJutmodi rauitatibus adremml cTCRtui, obi implenCar; a>t 
■bi Tallnnt, licet multo freqnentinc, lamea negligunt et prBtereunt At 
longe (DbtiliDs lerpil hoc malum in philosophiit et ictentiii ; in qnibui 
qood lemel placult reliqua (licel multo firmioia et potiora) inficit, et in 
ordinem redi^t. Quinetiam licet abfueiit ea, quam diidmot, detectalia 
et raiutai, it tamen bumano mtelleclui error en propriut et perpctuui. nt 
magii moreatnr et exciletat affirmalivii, quam ■KgatiTis; cnm rile et 
online xqaom >e ultiqne prcbere debeal; qnin contra, in Dmol aiiomale 
vera conitiluendo, major ett TJi iiutanliE negatirz.' — Nonum Orgamta, 
Lib. I. Apb. xlTi. . 
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the numberless instances in which Utittt is no corre- 
spondence between the one set of facts and the other 
altc^ether escape our notice. We probably talk scores 
of times daring ihe day of persons whom we do not 
meet immediately afterwards; we frequenlly dream in 
the most circumstantial manner of events which never 
occur ; and, where one prediction of a fortune-teller is 
verified, scores are probably falsified. The weather-pro- 
phets of the almanacs possess a considerable advantage 
in the fact that, whereas, at all times, there is at least a 
considerable chance of their predictions turning out true, 
there are certain periods, such as the equinoxes, at which 
particular kinds of weather may be anticipated with a 
probability amounting almost .to certainty. 

In former generations ' coincidences ' of this kind were 
regarded not simply as ' carious ' and ' remarkable,' but 
as proofs of some causal connexion between the events. 
To talk of a person was supposed to render his presence 
more likely ; a veri6ed prediction was regarded as evi- 
dence of second-sight ; and a comet which was observed 
to be followed by a war was supposed to be, if not 
the cause of the war, at least a messenger sent from 

1 Heaven to proclaim its approach. The tendency to take 
note of affirmative, and to overtook negative instances, 
lis one of the causes of that hasty generalisation of which 
!l shall speak in a subsequent part of this chapter^ 

' The following remirks of Sir John Henchel, io spealdng of tlw 
verification of ' signs of the weather,' are so appoiile, that I append them 
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This tendency is considerably intensi6ed, if the 
fiimative instances are regar ded as illustrations o f sc 
preconc eiv ed theory', or if the evidence afforded by 
them be supplemented by aom e powerful affection ol 
the mind* . It seldom happens that men can hole 
themselves entirely indifferent with resp>ect to two rival 
opinions and apply themselves to the comparatively 

'W« would ilrongly recommend xny of our readers wtiOK occnpationi 
lead them to attend to the " iignt of the weather," and who, from 
hearing a paniculai weather adage often repeated, and from noticing 
themulvel a few reniarkable instances of its verification, have "begun 
to put fiiith in it," to commence keeping a note-book, and to set down i 
withont bias all the instaiKes which occur to tbetn of the recognised 
antecedent, and the occurrence oi noa-occuirence of the expected con- 
sequent, not omitting also to set down the cases ia wbicb it is lefl 
undecided ; and, >Sta so collecting a considerable number of tattaoces 
(not less than a hundred), proceed to form his judgment on a fair com- 
parison of the favourable, the uafavourable, and the undecided cases ; 
lemembering always that the abtmct of a majority otu v>ay or tkt olhir 
VKiidd bt in ilsdf aa imfrobabHily, and that, therefore, to have any 
weight, the majority should be a very decided <mt, and thai not onlj in 
itself, but in reference to the neolnl instances. We are all involuntarily 
much tDore strongly impressed by the fulfilment than by the failure of 
a prediction, and it it only, when thus placing ourselves face to face with 
fact and eiperienee, that we can fully divest ouiielves of this bias.' — 
Familiar Licturts on Scitatijic Sub/teta, Lecture IV. 

' *Hal>et enim nnusquiique (pncter aberrationei natune humame in 
genere) ipecum tire cavemam quandam individuam, quz lumen nature 

fiangit et corrumpit ; vel propter diSerentlas impressjonum, 

pront occurrnnt in aoiino praoccupato et pr«dispo«to, aut in animo 
tequo et sedato.' — Bacon's JVouum Orgaaum, Lib. I, Aph. ilii. 

* * IntellectDs homanns luminis sicci non est ; led recipit inliiHonem a 
volontate et affectibus ; id quod general ad guod mdi scitalias : quod 
enim mavult homo veruin esse, id potiuc credit.' — Novum OrgoHum, 
Lib. I. Aph. ilix. 
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unexciting task of collecdng evidence impartially on 
either side. To avoid taking a side on imperfect informa- 
tion, even where our interests or passions are not directly 
concerned, is one of the last and most difQcult lessons 
learned by the scientific intellect, and by ordinary men 
it is regarded as a sign of a peculiarly frigid temper- 
ament, if not of an indifference to truth. Thus, when 
the theory involved in the idea of wi tchcraft had once 
been conceived and accepted, ^id especially when it 
had led to the invention of a new crime, it came to 
be held that the burden of proof lay with thoee who 
called its reality in question. Every story which con- 
firmed the theory would be greedily received, while 
instances in which the supposed powers of the witch 
had failed, if noticed at all, would either leave but 
a slight impression on the mind, or be easily ac- 
counted for by supposing the intervention of a higher 
power. To the numerous class engaged in the ad- 
ministration of the laws, a not unnatural reluctance 
to question the justice of the principles on which they 
and their predecessors had been in the habit .of act- 
ing would furnish an additional inducement to pass 
lightly over negative instances. Fear, or dread of 
eccentricity, would operate in the case of others ; 
and thus a theory of the most preposterous character, 
which, to a mind not preoccupied, received little or no 
confinnation from facts ', and the truth of which could 

• When a penon wai convinced thit he w»( iDtiject to the eril pcic- 
ticci of a vitch, ihii conTiction would, of coane, lometimei pioduce the 
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easily have been brought to the test, maintained its 
ground, and throughout many centuries continued to pro- 
duce the most mischievous results. The extent of the 
bias to which the mind, in its observation of instances, 
exposed from the influence of strong affections, is patent 
to every one. A man of a desponding temperament will 
dwell on the number of those who have failed, a man of 
a sanguine temperament on the number of those who have 
succeeded, in their respective professions. A man with 
strong sympathies will see only virtues or good trails of 
character, where one of a malevolent or critical dispo- 
sition will see only vices or blemishes. An ardent ad- 
herent of a religious sect or a poUtical party will see" 
nothing but good in those who agree with him, nothing 
but evil in those who adopt a different creed or profess 
to be guided by different principles of policy. 

Many of the above errors might be otherwise described 
as arising from the confusion between ahsoluie and relat ive 
frtqttency . ^ We notice how often an event occurs, but we 
do not notice how much oftener it does ncLoccur. 

Not only will a preconceived opinion or a powerf ul 
affection come in aid of the natural tendency of 
dwell on affirmative and overlook negative ii 
they will often cause them to adhere to theories for which, 
whatever may have been the history of their formation, 
there is absolutely no support whatever in fact. Thus, 

ill ejects attributed to witchcraf} ilulf. Id other casci, some event, such 
11 a deith or an illness, which occotied in the ordinarv course of nature, 
would conlitm the luipicion. 

S 
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the theory which prevailed down to the time of Galileo *, 
that bodies fall to the earth in times inversely propor- 
tional to their weights, so that a body weighing, say, 
five pounds, would fall in a time five times as short as 
a body weighing one pound, rested on absolutely no 
evidence except the fact that, in consequence of the re- 
sistance of the air, the heavier body reaches the ground 
in a somewhat shorter time than the hghter one; still, 
till Galileo made his experiments, at the end of the 
sixteenth century, from the leaning tower of Pisa, no 
one thought of bringing to a decidve test a theory which 
it was so easy to prove or disprove. Even, without 
having recourse to experiment, one would have imagined 
that the most casual observations of falling bodies would 
have revealed, to a mind not strongly pre-occupied, the 
strange inaccuracy of this theory. The reception accorded 
to the theory that the weight of the elements increases in 
a tenfold ratio, so that earth is ten times heavier than 
water, water ten times heavier than air, and air ten times 
heavier than fire, seems still more astotmding '. 

In Sir Thomas Browne's Enquiries into Vuigar and 
Common Erron ', we have an examination of the proposi- 
\ tion that ' men weigh heavier dead than alive, and before 
■ meat than after.' Here are two extraordinary paradoxes 

• Galilai Sysltma Cosmiaim, Dial. II. 

' Thii theory ippors to hsTe originated in a minafcen iaterpretation 
of a pattage in Ariilotle, Di Gauratione el Comipliiiitt, II. 6. See mjr 
note on Bacoa'i Nmam Organum, Lib. I. Aph. ilv. 

* Bk. IV. eh. Tii. 
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which it was perfectly easy for any one to bring to a 
decisive test ; and still, though an appeal to facts would 
at once have been fatal to them, they appear to have met 
with a very general reception. The grounds assigned 
for the prevalence of the latter opinion are so curious 
that they deserve to be transcribed. ' Many are also off 
opinion, and some learned men maintain, that men are| 
lighter, after meals than before, and that by a supplyj 
and addition of spirits obscuring the gross ponderosity, 
of the aliment ingested ; but the contrary hereof we have 
found in the trial of sundry persons in different sex and 
ages. And we conceive men may mistake, if they dis- | 
tinguish not the sense of levity unto themselves, and in 
regard of the scale, or decision of trutination. For after 
a draught of vrine, a man may seem lighter in himself 
from sudden refection, although he be heavier in the 
balance, from a corporal and ponderous addition ; but 
a man in the morning is lighter in the scale, because 
in sleep some pounds have perspired; and is also lighter 
unto himself, because he is refected.' It will be noticed 
that 'spirits' are supposed to possess the property of 
positive levity, and that, consequently, they are regarded 
as making any body into which they enter lighter than 
it was before. The theory that certain bodies are 
positively light is itself an instance of a fallacy of 
non-observation, but, as will be seen presently, of non- 
observation of circumstances not of instances. 

Another extraordinary instance of a statement which 

obtained acceptance without any foundation whatever in 

s 2 1 
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fact is noticed in an article in tlie Quarterly Revi'eui for 
January, 1865, on 'Aristotle's History of Animals.' Here, 
however, there appears 10 be no assignable reason for the 
mistake. 

'Aristotle held some peculiar notions with respect to the 
skull. He says, " that part of the head which is covered with 
hair is called the cranium ; the fore part of this is called 
the sinciput ; this is the last formed, being the last part in 
the bodj which becomes hard." He correctly alludes here 
to the opening in the frontal bone of a young infant, which 
gradually becomes hardened by ossification ; " the hinder part 
is the occiput, and between the occiput and sinciput is the 
crown of the head : the brain is placed beneath the sinciput, 
and the occiput is empty (!). The skull has sutures ; in women 
there is but one placed in a circle (!) ; men have generally 
three joined in one, and a man's skull has been seen without 
any sutures at all." The often repeated question as to how 
far Aristotle's observations are the result of his own investi- 
gation, naturally suggests itself again here ; had Aristotle ever 
dissected a human body, he never would have asserted a 
I proposition so manifestly false as that the back of the head 
: is empty, or that women have one only suture placed in a 
' circle.' 

The passage here noticed occurs in the Hisioria Ani- 
maHum, Bk. I. ch. vii. Cp. Bk. III. ch. vii. 

A still more remarkable instance of this description of 
fallacy is noticed in Mr. Lecky's History of European 
Morals from Augustus to Charlemagne*. 

' Aristotle, the greatest naturalist of Greece, had observed 
that it was a curious fact, that on the sea-shore no animal 
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ever dies except during the ebbing of the tide. Several cen- 
turies later, Pliny, the greatest naturalist of an empire that 
was washed by many tidal seas, directed his attention to this 
statement. He declared that after careful observations which 
had been made in Gaul, it had been found to be inaccurate, 
for what Aristotle stated of all animals, was in fact only true 
of man. It was in 1727 and the two following years, that 
scientific observations made at Rochefort and at Brest finally 
dissipated the delusion.' 

I add one more instance, showing the extraordinary 
readiness with which men, even of remarkable acuteness 
and erudition, will accept the strangest fancies, though 
absolutely unsupported by evidence. It is taken from 
Glanvill's Scepsis Scientifica, published in 1665'°: — 

'Besides this there is another way of secret conveyance 
that's whtsper'd about the World, the irutb ai which I vouch 
not, but the Posiihitily; it is conference at distance by sym- 
pathized handes. For say the relatours of this strange secret ; 
The hands of two friends being allyed by the transferring of 
Flesh from one into another, and the place of the Letters 
mutually agreed on ; the least prick in the hand of one, the 
other will be sensible of, and that in the same part of his own. 
And thus the distant friend, by a new kind of Chiromancy, 
may read in his own hand what his correspondent had set 
down in his. For instance, would I in London acquaint my 
intimate in Paris, that 1 am well: I would then prick that 
part where 1 had appointed the letter [I] and, doing so in 
another place to signifie that word was done, proceed to [A], 
thence to [M], and so on, till I had finisht what I intended to 
make known.' 

" ScepsU Scienlifica, ch. 34. 
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The influence of some st rong passion or afFectio n in 
causing men to accept theories without any support from 
observation or experiment, and often in direct defiance 
of them, may be illustrated from almost all the more 
powerful feelings of human nature. The mythologies of 
every nation are full of the wildest and most improbable 
stones, originating partly in the strength of the religious 
sentiment, partly in that love of the marvellous which 
seems to be connatural to every race of mankind, partly 
in later misinterpretations of that poetical language in 
which early races are wont to clothe their ideas. Thus, 
stories of the transformation of men into beasts, of 
rivers flowing backwards, of images falling down from 
heaven, besides other tales still more fantastic, have been 
greedily received by generation after generation, in spite 
of all the analogies of nature and without one single 
instance to confirm them. The beliefs in ghosts, spirit- 
rapping, and similar phenomena, seem to have their 
origin in man's insatiable craving for the marvellous, 
acting often in combination with the feelings of fear, 
hope, or curiosity. One of the most powerfiil agents 
in human affairs is the passion of avarice^ or the insa- 
tiable desire for the accumulation of wealth. In the 
middle ages, this passion led the dchemists^ contrary to 
all experience, to the belief that it was open to men to 
become suddenly and enormously rich by discovering the 
secret of transmuting other metals into gold. In modern 
times it has frequently led, and still leads, men to embark 
in the most desperate speculations, which no scientific 
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c^cuktion of chances would justify. In a^ lotterr. for 
instance (which is a comparatively innocuous form of 
speculation), the value of the chance is, owing to the 
expenses of management and the profit required by the 
projectors, invariably much. less than the price paid for 
the ticket. But, perhaps, the most remarkable exempli- 
fication of the unreasoning desire for sudden accessions 
of wealth is to be found in the pertinacity with which, 
in spite of every warning, men would, till within the 
last few years, expend large fortunes in sinking sh^s 
f ^r c o ^l and other minerals in strata in which the uni- 
versal experience of geologists and miners testified against 
theu' occurrence. In this, as in many other cases, the 
observations of competent authorities went for nothing ; 
the passion was so absorbing that it alone determined 
action. 

The fallacies due to non-observati on of "ihsi'anceT maj 
be further exemplified by the tendency 
acquiesce in the first instances which, offer 
especially if they be of a st riki ng^ kind ■ 



of "ihsi'anceT mayl 
y of the mind to] 
»ffer themsejyes^l 
', instead of care-jl 



" ' Aniomiti, qas in usn sunt, ex tenni et maalpulaii eiperientia, ct 
pancii pirticuliiibui, qme ut plurimum occununt, fluxete ; et lant feie 
ad mentunin eoium facto et eiteou.' — Notnim Orgwium, Lib. I. 
Apb. XXV. 

" ' lalellectiii hnmanas iUii, qnx simni et lubito mentem ferire et 
lutnie posiunt, maxime moTetui ; a quibui pbanUsia impleri et inflaii 
conioevit: teiiqua veio modo quodam, licet iiuperceplibili, ita le habere 
fingit et snpponit, quomodo se babent pauca ilia quibus mens obiidelui; 
ad illDOi Tero trinscnnnni ad instantiat lemot^ et heteroge(i(as, per 
quai iXHiinala lanqaam igne probantar, tardus omaioo inlellectus eitet 
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fully searching for other instances of a similar nature 
nth which to compare and by means of which to in- 
erpret them. Thus, the phenomena of ^ ( fa y;i(jer and 
lifrhtni n)^ would probably have received a much earlier 
explanation, had the attention of men been sooner di- 
rected to the instances of electricity which nature presents 
of a less striking kind and on a smaller scale. Again, the 
difficulties presented to early speculators by volcanoes 
and earthquakes would have been considerably dimi- 
nished, had they been aware of the fact that there is 
hardly any portion of the earth's surface which is not 
undergoing a constant change of level by the process 
either of elevation or of subsidence, though such change 
is usually imperceptible to each single generation. The 
mistakes originating in this source of error arc count- 
lless. We observe certain peculiarities in sonie particiJar 
j representative of a chss, pr ofession, or nation, and then 
jproceed to argue as if all the members of the class, 
, profession, or nation were like him. Or, a person on 
his travels in some country is unfavourably impressed 
with the hotel-keepers, porters, and carriage-drivers, and 
then proceeds to denounce the whole nation to which 
they belong, as if the characteristics of a few exceptional 
classes were the characteristics of a nationality". 

inhabilit, nisi hoc illi perduras leges etvioleatDni imperium imponitur.' — 
Novum Orgaaum, Lib. I. Aph. xlv'd. 

" The historj' of the French language furnishes a striking insunce 
of noD.observatioa and of the cariooi ind bueleu iheorio to which it 
may lead; 'It is well known that before certain feminioe sub(tanli»es, 

Dr., ;X.OOg[C 



TO INDUCTION. 365 

The student must have already perceived that I am 
trenching on Fallacies of Generalisation, When we 
proceed to treat insufficient e vi dence, or the absence of 
evidence, or popular beliefs which run counter to all. 
the evidence available, as if they aff orded perfectly suf- 
ficient evidence, the fallacy is one of infprgnce^ and, if 

inch IS mess*, mire, soif, /aim, pew, &c., the adjective grand keepi 
its masculine tetminatioo, graad'taisst, grand'mire, &c. Why 10? 
Grammarians, who are puzzled by nothing, tell us without hcsltatioa 
that grand is here put for grande, and that the apostiopbe ttiaiks the 
EDppression of the final (. But (he good senae of every scholar proteiti 
against this: after having learnt in childhood that i mute it cut off 
before a vowel, and never before a consonant, be is told that the e 
is here cut off without the slightest reason in such phrases as gramf- 
route. Sec. Tht real explanation is in fact a veiy different one. In its 
beginning, French grammar was simply the conlinvation and prolonga- 
tion of Latin grammar ; consequently the Old French adjectives followed 
in all paints the Latin adjective ; those adjectives which had two termi- 
nations for masculine and feminine in Latin (as bonus, bona) had two in 
Old French, whereas those Latin adjectives which had but one (as grandU, 
fortis, &c.) had only one in French. In the thirteenth century men 
said une grand/emmi, grandis femina ; une amt martil, mortalis anima ; 
KM coutumt tntl, crudelisi tmt plaiai twrr, vitidis planities, &c. In 
the fourteenth century the meaning of this distinction was no longer 
understood; and men, deeming it a mere irregularity, altered the form 
of the second to that of the first class of adjectives, and wrote graade, 
vtrtt,Jbrli, Sec., after the pattern olbome, &c. A trace of the older 
and more correct form survives in such expressions as graniTmere, 
grattd'rotile, grand/aim, gratuTgardt, Sec, which are the debris of the 
older language. In Ihe seveotecnth century, Vaugelas and the gram- 
mariani of the age, In their Ignorance of the hiitoric reason of Ibis usage, 
pompously decreed that the form of these words arose from an euphoaie 
suppression of the e mote, which must be indicated by an apostrophe.' — 
Brachet's Bislorieal Grammar 0/ llu Frmek Tongui, Mr. Kitchjn's 
Trantl., Preface, p. vi. 
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I the emulated inference be jgdoctuce, it is a Fallacy of 
Generalisation. But the absence or insuSdency of the 
evidence, if due___to our not havi ng kept our minds 
sufficiently open to facts or not havin g taken sufficien t 
pains to collect all the facts pertinent to the ques rion, 
lis a Fallacy of Non-observatio n, and is a defect in the 
(preliminary process rather than in the inductive _in- 
jference itself. All the instances described above, I believe, 
fall under this head, though the inferences founded upon 
them, where they possess any show of justification at all, 
are cases of unwarranted Inductio per Enumerationem 
Simplicem, and so afford illustrations of Fallacies of 
Generalisation. 

(z) The second division of the Fallacies of Non-obser- 
vation is the fallacy which arises from pverlooking some 
of the material circumstances attendant on a given in- 
stance. Here the defect is not in the , .numb^ or per- 
Jinency of the instances, but in their (jharacter ; the 
{description of the instances themselves is untrustworthy. 
Till we have ascertained that we are fully acquainted with 
all the material circumstances of the cases examined, we 
cannot rely upon our facts, and, consequently, we have 
no right to proceed to ground any inference upon them. 
'The circumstances,' says Sir John Herschel", 'which 
accompany any observed fact, are main features in its 
observation, at least until it is ascertained by sufficient 
experience what circumstances have nothing to do with 

■* Hetichel'i Ducoura on ikt Shidy of Natural Philosophy, {III. 
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it, and might therefore have been left unobserved without 
sacrificing l/ie fact. In observing and recording a fact, 
therefore, altogether new, we ought not to omit any cir- 
cumstance capable of being noted, lest some one of the 
omitted circumstances should be essentially connected 
with the fact . . . For instance, in the fall of meteoric 
stones, flashes of fire are seen proceeding from a cloud, 
and a loud rattling noise like thunder is heard. These 
circumstances, and the sudden stroke and destruction 
ensuing, long caused them to be confounded with an 
effect of lightning, and called thunderbolts. But one 
circumstance is enough to mark the difference : the flash 
and sound have been perceived occasionally to emanate 
from a very small cloud insulated in a char sfy ; a com- 
bination of circumstances which never happens in a 
thunder storm, but which is undoubtedly intimately con- 
nected with their real origin.' 

The estreme difficulty of obtaining, by means of the 
thermometer, a correct measure of the temperature of 
the atmosphere, owing to the conduction of heat by the 
Btand and its radiation from surrounding objects, and the 
consequent errors frequently made by observers from not 
sufficiently providing against, or allowing for, these 
sources of interference, will serve to every one as a 
familiar illustration of the great importance of the caution 
which it is here intended to furnish. 

The following examples, adduced by Mr. Mill", are 

" Syslim of Logic, Bk. V, ch. it. $ 4, 
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SO interesting and appropriate, that I take the liberty 
of transcribing them: — 

' Such, for instance [namely, the imperfect observation of 
particular facts], was one of the mistakes committed in the 
celebrated phlogistic theory : a doctrine which accounted for 
Icombustion by the extrication of a substance called phlogiston, 
^upposed to be contained in all combustible matter. The 
hypothesis accorded tolerably well with superficial appear- 
ances ; the ascent of flame naturally suggests the escape of 
a substance ; and the visible residuum of ashes, in bulk and 
weight, generally fells extremely short of the combustible 

iiaterial. The error was, non-observation of an important 
□rtion of the actual residue, namely, the gaseous products 
f combustion. When these were at last noticed and brought 
ito account, it appeared to be an universal law, that all 
ihstances gain instead of losing weight by undergoing com- 
ustion ; and, after the usual attempt to accommodate the old 
theory to the new fact by means of an arbitrary hypothesis 
(that phlogiston had the quality of positive levity instead of 
gravity), chemists were conducted to the true explanation, 
inamely, that instead of a substance separated, there was on 
the contrary a substance ateorbed. 

' Many of the absurd practices which have been deemed 
to possess medicinal efficacy, have been indebted for their 
I reputation to non-observance of some accompanying circum- 
tstance which was the real agent in the cures ascribed to them. 
Thus, of the sympathetic powder of Sir Kenelm Digby; 
" Whenever any wound had t>een inflicted, this powder was 
applied to the weapon that had inflicted it, which was, more- 
over, covered with ointment, and dressed two or three times 
a day. The yound itself, in the meantime, was directed 
to be brought together, and care^lly bound up with clean 
linen rags, but above all, to be let alone for seven days, at the 
end of which period the bandages were removed, when the 
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wound was generally found perfectly united. The triumph 
of the cure was decreed to the mysterious agency of the 
sympathetic powder which had been so assiduously applied 
to the weapon, whereas it is hardly necessary to observe that 
the promptness of the cure depended upon the total ex- 
clusion of air from the wound, and upon the sanative opera-i 
tions of nature not having received any disturbance from the S 
officious interference of art. The result, beyond all doubt,! 
furnished the first hint which led surgeons to the improved 
practice of healing wounds by what is teehnicaliy called the 
_firil ialenliott"."' 

The next example I extract from Bp. WilkJns' very 
curious tractate, entitled A Discmery of a New World, 
or a Discourse lending to prove thai 'lis probable there may 
be anolker Habitable World in tke Jiaon : — 

'He [that is, 'a late reverend and learned Bishop,' 
vpriting 'under the feigned name of Domingo Gonsales'"] 
supposeth that there is a natural and usual passage for manyl 
creatures betwixt our earth and this planet. Thus, he says,! 
those great multitude of locusts, wherewith divers countries 
have been destroyed, do proceed from thence. And if we 
peruse the authors who treat of them, we shall find that many 
times they fly in numberless troops or swarms, and for sundry 
days together before they fall are seen over those places in 
great high clouds, such as, coming nearer, are of extension 
enough to obscure the day, and hinder the light of the sun. 
From which, together with divers other such relations, he 

" Dr. Paris' Pharmacologia, pp. 13-14. 

" Tbe imill tiicl facte refeired to ii republished in vol. viii. of the 
Harleian Miscellanies (Park's Edition). The author wis Francis God- 
win, afterwards Bishop of Hereford, and author of the weli-fenowD book 
De Prasulibas Aaglitl Commeaiarius. 
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concludes that 'tis not altogether improbable they should 
proceed from the moon. Thus, likewise, he supposes the 
swallows, cuckoos, nightingales, with divers other fowl, which 
are with us onl^ half a year, to fly up thither when they go 
from us. Amongst which kind, there is a wild swan in the 
East Indies, which at certain seasons of the year do constantly 
take their flight thither. Now, this bird being of a great 
strength, able to continue for a long flight, as also going 
usually in flocks like our wild geese, he supposeth that 
many of them together might be thought to carry the weight 
of a man; especially if an engine were so contrived (as he 
thinks it might) that each of them should bear an equal share 
in the burden. So that, by this means, tis easily conceivable, 
how once a year a man might finish such a voyage; going 
along with these birds at the beginning of winter, and again 
returning with them in the spring",' 

tA more accurate and extended series of observations 
auld, of course, have shown that the birds and locusts 
igrated from otherj)a_rts of the e arth's surface . 
It is not necessary to multiply examples of the errors 
arising from slovenliness and inattention in the collec- 
tion or examination of our instances. The necessity 
of maintaining the strictest caution and accuracy in 
the conduct of our observations and experiments has 
already been insisted upon in the Second Chapter of 
this work. 

II. Besides the errors which originate in the neglect of 
instances or of some of the circumst ani;^ which are con- 
nected with a given instance, there is another class of 
errors derived from mistaking for observation that which 

" Wilkm.' Diseovtry of a New World, Fifth Edition, p. i6o. 
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is not observation at all, but inference. To this class of I 
errors Mr. Mill gives the name of Fallacies of Mal- 
Oh-iprvatifm. That which is strictly matter of perception 
does not admit of being called in question; it is the 
ultimate basis of all our reasoning, and, if we are 
to repose any confidence whatever in the exercise of 
our faculties, must be taken for granted. But there are 
few of our perceptions, even of those which to the un- 
philosophical observer appear to be the simplest, which 
are not inextricably blended with inference. Thus, as 
is well known to every student of psychology, in what 
are familiarly called the percep tions _of distance and of 
form, the only perception proper is that of the various 
tints of colour reflected on the retina of the eye, and it is 
by a combination of this with perceptions of touch, and 
of the muscular sense, that the mind gains its power of 
determining form and distance. Now, a judgment of this i 
kind, which is really due to inference, is, especially by 
the uneducated and unreflecting, perpetually mistaken for 
that which is due to direct observation ; and thus what is 
really only an inference from facts is often emphatically 
asserted to be itself a matter of fact. 'In proportion,'; 
says Mr. Mill ^*, ' to any person's deficiency of knowledge 
and mental cultivation, is generally his inability to dis- 
criminate between his inferences and the perceptions on 
which they were grounded. Many a marvellous tale,, 
many a scandalous anecdote, owes its origin to this in- 
capacity. The narrator relates, not what he saw or heard, 
> Mili*! Logic, Bk. V. ch. ir. % 5. 
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but the impression which he derived from what he saw or 
heard, and of which perhaps the greater part consisted 
of inference, though the whole is related not as inference 
but as matter-of-fact. The difficulty of inducing wit- 
nesses to restrain within any moderate limits the inter- 
mixture of their inferences with the narrative of their 
perceptions, is well known to experienced cross-ex- 
aminers; and still more is this the case when ignorant 
persons attempt to describe any natur^ phenomenon. 
" The simplest narrative," says Dugald Stewart, " of the 
most illiterate observer involves more or less of hypo- 
thesis; nay, in general, it will be found that, in pro- 
portion to his ignorance, the greater is the number of 
conjecmral principles involved in his statements. A 
village apothecary (and, if possible, in a still greater 
degree, an experienced nurse) is seldom able to describe 
the plainest case, without employing a phraseology of 
which every word is a theory : whereas a simple and 
genuine specification of the phenomena which mark a 
particular disease; a specification unsophisticated by 
fancy, or by preconceived opinions, may be regarded as 
unequivocal evidence of a mind trained by long and 
successful study to the most diflScuIt of all arts, that of 
the faithful inlerpretalion of nature." ' 

No better instance of the Fallalcy of Mal-observation 
can be given than what was called the common-sense 
ar^ment against the truth of the Copemican System. 
That the earth should move rotmd the sun, men said, was 
impossible; for, every day, they saw the sun rise and set 
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TO INDUCTION. 2^3 

and perfonn his course in the heavens. They felt the 
earth at rest, they sav the sun in motion, and it was 
absurd to call upon them to disbelieve the direct evidence 
of their senses. It need hardly be said that what theyl 
mistook for die direct evidence of their senses was really| 
an inference. What they saw was consistent with one 
or other of two hypotheses, that the sun moved, or that] 
the earth moved ; and, neglecting to take any account of j 
the latter, they assumed the fonner. If it were not for! 
the impressions of a contrary kind derived from the 
actual motion of the carriage, a man, whirled along in 
a railway train, might with equal justice maintain, by an 
appeal to the evidence of his eyesight, that the trees and 
the houses were running past him. 

Ventriloquism supplies another bmiliar instance of the 
same error. A man who had never before been imposed 
upon by the tricks of a ventriloquist, and who was not 
aware of the character of the deception, would be positive 
in maintaining that he had the direct evidence of the 
sense of hearing in support of his belief that the sound 
he heard proceeded,JirDm a particular person or a par- 
ticular part of the building other than that from which it 
really came. The fact, of course, is that the sound itself is 
all that is direcdy perceived by the sense of hearing ; the 
reference of it to a particular person or a parricular place 
is an act of inference grounded upon constant, or at 
least frequent, association. What is done by the ven- 
triloquist is not to deceive the sense of bearing, but to 
mislead the faculty of judgment. 

T 

Dr., ;.LiOOglC 



174 FALLACIES INCIDENT 

What are called ' deluaons ' and ' hallucinations ' fur- 
nish a further instance of tflal-obaervation. It seems to 
Ibe now pretty generally agreed that these are due to 
morbid affections (rftbe sensory ganglia. 'The patient's 
senses,' says Dr. Maudsley", speaking of what he calls 
sensorial tnsanify, ' are possessed with hallucinations, their 
ganglionic central cells being in a state of convulsive 
action; before the eyes are blood-red flames of fire, amidst 
which whosoever happens to present himself, appears as 
a devil, or otherwise horribly transfonned ; the ears are 
filled with a terrible roaring noise, or resound with a vtrice 
imperatively commanding him to save himself; the smell 
is perhaps one of sulphurous stifling; and the desperate 
and violent actions are, like die furious acts of the ele- 
phant, the convulsive reactions to such fearful halluci- 
nations. The individual in such a state is a machine set 
in destructive motion, and be perpetrates the extremest 
violence or the most desperate murder without conscious- 
ness at the time, and without memca7 of it afterwards.' 
What is here said of delusions in that extreme form in 
which they assume unmistakeably the character of mad- 
ness applies equally, as an explanation, to those less 
obtrusive, though far more frequent, forms in which they 
produce semi-insanity, monomania, melancholy, or par- 
ftial and temporary deception. In all these cases, the 
'sensations are really experienced; &e error consists in 
jreferring the cause of the sensations to external objects 
-rather than to the morbid condition or action of the 
» Mandsky, The Physiology and Patkalogy of Mind, ch. ir. p. loi. 
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brain itself. The testimonjr of others, oi the inheientj 
impiobability of the things perceived, ought to be re- 
garded, though tbey seldom ace, as sufficient proof that 
the evidence of the senses is given under abnormal and 
untrustworthy conditioas. 

The description here given of the errors priginating 
in Non-observation or Mal-observatioa includes, as wfli 
already have been perceived, the errors incident to arti- 
ficial as well as to natural observation, that is, to expcri - 
ment as welt as to observation proper. 

III. The errors incidental to the other operations 
preliminary to induction, namely, dassificatioa, nomen- 
clature, termin ology , and hypothesis, will be sul&ciently 
apparent on a perusal of the sections appropriated to 
the discussicm of those processes. In the steps inter- 
mediate between the observation of individual facts and 
the inductive inference itself, it is in the employment 
of artificial instead of nature classifications, and in 
the neglect of the rules designed to guard against the 
formation of illegitimate hypotheses, that the danger of 
error mainly lies. 

B. The feDacies jncidental to the p erformance of the 
inductive proces s itself may be called Fallacies of General- Xi£&iic. go. 
^sation. An error of this class is committed whencver,| 
in arguments grom ided on experience, we overr ate the- 
value of the evidenc e before us; that is, whenever we 
accept an imperfect induction as a perfect one, or when- 

T 2 
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jever, in an induction confessedly imperfect, wejinder- 
jestimaCe the amount of imperfection. 

Of the jmntrfrct inftjj^if^ng the argument from analogy 
is little likely to be mistaken for a perfect induction . The 
strength of the analogy is often grossly exaggerated, and 
an argument which possesses little or no probabiliiy is 
often adduced as affording highly probable evidence ; but, 
as this kind of argtunent is very seldom" treated as 
affording absolute certainty, the discussion of false ana- 
logies may be reserved till I have completed the treat- 
Iment of those errors which consist in regarding imperfect 
as perfect inductions. 
I Excluding apalogy. there are, as we have seen, two 
forms of imperfect induction, that which employs the 
incomplet e Inducti o pe r Enumerationem Simplicem and 



that which consists in an imperfect fulfilment of the 
. conditions of the inductive methods. An argument 



of either of these classes may be, and frequently 
is, mistaken for a perfect induction, I shall first 
1 notice the case in which scientific induction is simu- 
; lated by the incomplete Indtictio per Enumerationem 

: Simplicem "■ 

" The geological example on p. 131 mtj perhapi be an instuice oF 
an analogical argument thai regarded. Man]' writen hate cerlainl/ 
treated the inference at if its certainty admitted of no doubt, 

" Tbe iludent who bai read the £nt and foutlh Chapters bardlf 
needt to be remiaded that there are caiei, bowerer, in which the method 
of Inductio per Enumeratirraem Simplicem may, or even mnit, tie em- 
ployed. The hllaciei here treated are due to the unnecemrr o r inj^ 
dicionf empio^eat of the method. 
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TV. When men first begin to aigae from their experi- 
ence of the past to their expectation of the future, or from 
the observation of what immediately surrounds, them to 
the properties of distant objects, they seem naturally to 
fait into this unscientific and unrefiective mode of reason- 
ing. They have constantly seen two phenomena in con- 
junction, and, consequendy, they cannot imagine them 
to be dissevered, or they have never seen two phenomena 
in conjunction, and, consequendy, they cannot imagine 
them to he associated. The difficulties esperienced by 
children in accommodating their conceptions to the 
wider experiences of men; the tendency of the unin- 
structed, and frequently even of the instructed, to 
invest with the peculiar circumstances of their own time 
or country the men of a former generation or of another 
land; the prejudices entertained agdnst those of another 
creed, or party, or nationality, as if moral excellence 
were never dissociated from particular opinions or a 
particular lineage, — are all evidences of the limited 
character of our first efforts at generalisation. It is 
long before men learn to discriminate between the 
material and immaterial circumstances attendant on 
any given phenomenon, to perceive the irrelevancy of 
the immaterial circumstances, and to recognise the 
necessity of insisting on a repetition of all the material. 
circumstances before they anticipate a similar effect.] 
But not only is the Inductio per Enuraerationem 
Simplicem the mode of generalisation natural to immature 
and uninstructed minds ; it is the method which, till the 

D.„-:;c:. Google 
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I time of BacoiL!', or at least till die era of those great 
j discoveries wbich shortly preceded the time of Bacon, 
Iwas almost universal. Aristotle, it is true, requires that 
(an induction should be based on an examination of aU 
die instances; bnt this requirement being in the vast 
majority of cases {even if we suppose Aristotle to be 
speaking of species rather than individuals) impossible of 
fulfilment, be was obliged, whenever he had reconrse to 
experience, to content himself with an inspection of 
those cases whidi were nearest at hand. Thus, in the 
very passage ** in which he emphatically asserts that the 

" Bacon leein* to be Bcrer weary of coadciniiiDg tbit amcientific 
pcocednce. Tbni, Id addition to the aphoiiim already quoted (p. 113), 
we have, imopgit otbers, the foUowing emfibitic paisagei ; ' Axiomata 
qniE in nsu cunt, ei tenni et maDipnIari eipeiieotia, et pancit jnitictilari- 
bni, qnn nt pkidmun occnmint, floiere ; et tout fere ad meniuiun 
eoTum fiacta eteiteiua: dI nil mlmm eiC, u ad nova particularia noa 
daiant. Qnod si forte instanlia aliqm, non piins animadrecsa ant 
ci^iU, ce DflTeiat, axioma diitinctione aliqua fiivola talTator, ubi emen- 
diri ipnim Tctius fbret* — Wiw, Org. Lib. I. Aph. Kir. ' At pbiloiophiz 
geniu tmpiritiaa pUcita magii defonaia et moiutrosii edacit, qnam 
iopliisHtiim aut ntjonale geaui; qnU dod in luce notionmn TQlgariam 
(quz licet tenuis tit et saperficialii, tamen est quodammodo unircrsaljc, 
et ad onilta pertinens) icd in paucorura eiperinMntorom anguctiis et 
obscnrUate inndatHin est. . . . Sed tamen dcca haJDunodi philotophias 
caotio ouUo moda przteimittecida erat ; quia mente jam pixTidemns et 
auguramnr. t\ quando homines, noslrit monitis ezcitali, ad experieatiam 
se serio coatuierint (valere jauis doctrinii lopfaiiticis), Inm demdiD, 
pti^er prtEinaturam et pieptopenun inteUectnt feslinationeni et saltum 
sive rolatnin ad genecalia et lenun jirincipia, fore ul ma^noi ab hujus- 
modi phllosophiis periculum immineat; cui mato etiam nunc obriam ire 
debemni.' — Aph. heir. 

" Analylica Priora, ii. 15. 
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minor premiss of the indu ctive syllogism (for he repre- 
sents inductiOQ under the syllogistic form) should include 
all the instances, he argues that ail animaJs which are 
deficient in bile are long-lived, because he finds this toj 
be the case with the man, the horse, and the mule. | 
Aristotle's works, and especiallj those on Natural His- 
tory, abound in rash generalisations of this kind. 'It 
is a feet,' says Mr. Lewes ", ' that normally in turtles, 
and exceptionally in elephants, horses, and oxen, there 
is an ossification of the septum of the heart Aristotle 
saw or heard of one of these "bones" in the hearts of 
a horse and an 01, and forthwith generalised the obser- 
vation thus : " The heart is destitute of bones except in 
horses and in a species of ox ; these, however, in con- 
sequence of their siie, have something bony as a support, 
just as we find throughout the whole body"." His 
Spanish follower Funes Y Mendo^a improves on this 
statement by saying that the bone acts like a stick to 
support the weight of the heart, which is very great,' 

There is another passage in which Aristotle tells us 
that the cranium of a dog consists of a single bone ". 
' It is probable,' says the author of the review previously 
quoted", 'that Aristotle had got hold of the cranium 
of an old individual in which the sutures had become 
obliterated.' 

■ Lewei' Aristolli, ch. x»i. 5 399. 
" Di Fartibus Animalium, Bk. 111. ch, iv. 

*' rd liir yAp fx*' ttov6ffTtor tA KpaViov, &ftirtp 6 lamw, ri hi rJv^- 
Ktiftrai, S/antp irt/ioiwoi. — Hislaria AnimaHvm, Bk. HI. ch. rii. 
" Qaarltrly Retdea, No. J33, Art. ii. 
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ITbe emplofment of the Inductio per Enumerattonem 
SimpUcem prevailed so universally from the time of 
Aristotle to the rise of modem science that it seems 
unnecessary to multiply instances of it during that period. 
But it may be instructive to illustrate from the history 
of more recent times the peculiar facility with which 
some even of the greatest discoverers have lapsed into 
this erroneous form of reasoning. 

' Bichat,' says Mr. Lewes ", ' tried to establish a gene- 
ralj^tion which has been much admired, namely, that all the 
I organs of Animal life are double and symmetrical, while all 
Ithe organs of Vegetal life are single and asymmetrical. Un- 
I happily the facts do not fit. In the commencement almost 
L-ii^O' oi^n is double and symmetrical ; and only in the later 
{stages of development do the differences appear. Even in the 
matured organism we find many striking exceptions to Bicbat's 
generalisation. Thus the parotid, sublingual, and mammary 
glands, the lungs, the kidneys, ovaries, and testes, are alt 
vegetal organs, and all generally double. And if the heart 
and uterus are classed as single organs, then must the brain 
and spinal cord be classed thus. While in birds the liver is 
double and symmetrical.* 

' It is in a great degree true,* we are informed by Dr. 
Paris*", ' that the se nsible qualities of plants, such as colour, 
taste, and imell, have an intimate relation to their properties. 
and may often lead by analogy to an indication of their 
powers ; we have an esample of this in the dark and gloomy 
aspect of the Lurida, which is indicative of their narcotic and 
very dangerous qualities, as Datura, Hyoicyamui, Atropa, and 

" Lcwei' Ariitatlt, ch. xvl. % 399 i. 
" Pharmacologia, ninth ed. pp. Iio. III. 
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Nicotiana. Cnlnur is certainly in many cases a test of activity; 
the deepest of coloured flowers, the Digitalis, for example, 
are the most active, and when the leaves of powerful pdants 
lose their green hue, we may conclude that a corresponding 
deterioration has taken place with respect to their virtues; 
but Linnxus ascribed too much importance to such an indica- 
tion, and his aphorisms are unsupporiied by facts; for in- 
stance, he says, " Color pallidus injipidum, viridis crudum, 
luteus amarum, ruber acidum, albus duUe, niger irigralum, 
indicat." ' 

The early history of Geology presents, in the con- 
troversy which was long carried on between the Nep- 
tunians and Vulcanians, a remarkable instance of the 
errora arising from a partial induction, as well as of thei 
tenacity with which men will cling to views to which theyl 
have once comnjitted themselves. The Neptuniaia. thel 
student need hardly be told, referred all geological phe- 
nomena to the influence o f water, while the Vulcanians 
greatly exaggerated the action of heat in the past his- 
tnry nf the frinhe. and multiplied to an excess the number 
of formations to be ascribed to an igneous origin. Of 
the Neptunians. the great Saxon geologist Werner was 
the chief. 

' Werner,' says Sir Charles Lyell", 'had not travelled to 
distant countries; he had merely explored a small portion 
of Giermany, and conceived, and persuaded others to believe, 
that the whole surface of our planet, and all the mountain) 
chains in the world, were made after the model of his ownj 
province. It became a ruling object of ambition in the minds! 

" LyeiVi Frindptti of Geology, Bk, I. cb. iv. 
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of his pupils to confirm the generalisations of their great 
master, and to discover in the most distant parts of tlie globe 
hb " universal formations," which he supposed had been each 
in succession simultaneously precipitated over tlie wliole earth 
from a common menstruum or "chaotic fluid." It now 
appears that the Sason professor had misinterpreted many 
of the most important appearances even in the immediate 
neigbbourfaood of FreybenS. Thus, for example, within a 
day's journey of his school, the porphyry, called by him 
primitive, has tieen found not only to send forth veins or 
dikes through strata of the coal formation, but to overlie 
them in mass,' 

' In regard to basalt and other igneous roclcs, Werner's 
theory was original, but it was also extremely erroneous. 
The basalts of Saxony and Hesse, to which his observations 
were chiefly confined, conwsted of tabular masses cap[»ng the 
hills, and not connected with the lereb of existing valleys, 
like many in Auvergne and the Vivarais, These basalts, and 
all other rocks of the same family in other countries, were, 
according to him, chemical precipitates from water. He 
denied that they were the products of submarine volcanoes ; 
and even taught that, in the primeval ages of the wofld, there 
were no volcanoes.' 

After describing the complete demolition of this theory 
by some of Werner's contemporaries. Sir Charles Lyell 
adds : — 

' Notwithstanding tliis mass of evidence, the scholars of 
Werner were prepared to support his opinions to their utmost 
extent ; maintaming, in the fulness of their faith, that even 
obsidian was an aqueous precipitate. As they were blinded 
by their veneration for the great teacher, they were impatient 
of opposition, and soon imbibed the spirit of a faction ; and 
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their opponents, the Vnlcanists, were not Iwig; in becoming 
contaminated with the sune intemperate zeal. Ridicule and 
iron; were weapoDB ntore frequently employed than argument 
by the rival sects, till at last the contrarersy was carried on 
with a d^p«e of bitterness almost tmprecedented in questions 
of phy^cal science. Desmarest alone, who had long before 
provided ample materials for refuting such a theory, kept 
aloof from the strife ; and, whenever a zealous Neptuntst 
wished to draw the old man into an argument, he was satislied 
with replying " Go and see." ' 

In the Science of ProbabilJtY. there is an inlerestinBl 
example of the unredecdng application of Ihe Inductia 
per Enumerationem Simplicem. Averages of a auffi-f '3 ■^aC*^ ' 
ciently trustworthy character can often be struck as to ^^f-.af-^ ^^, 
the frequency of such events as the number of deaths. 
the nnrober of suicides, ^e number of lost letters which 
occur in a year. But the least reflexion ought to showi 
that the accuracy of these calculations depends on thel 
assumption that the causes in operation, so far as theyj 
affect these events, will continue to be much the sune; 
as at present This, however, is a consideration which} 
is frequently lost sight of, and thus averages, which may 
be perfectly true with i n certain limits and _on certain 
h ypotheses, are extended, as if they were true univer- 
sally and unconditionally. Mr. Venn, in his work on 
the Logic of Chance**, has drawn especial attention to 
this source of error. The following passage selected 
from that work will, perhaps, afford a sufficient illustration 
of the point in question : — 

" Vmn't Lo|-ic of Ckanet, chap. i. 

D.-.,.. Google 
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'Let us take, for example, the average duration of life. 
This, provided our data are sufficiently extensive, is known 
I to be tolerably regular and unifonn. But a very little con- 
Isideration will show that there may be a superior as well 
las an inferior limit to the extent within which this uniformity 
lean be observed. At the present time the average duration 
of life in England may be, say thirty; but a century ago it 
was decidedly less ; several centuries ago it was very much 
less ; whilst if we possessed statistics referring to our early 
British ancestors we should probably find that there has been 
since that time a still more marked improvement. What 
may be the future tendency no man can say for certain.' It 
may be, and we hope will be the case, that, owing to sanitary 
and other improvements, the duration of life will go on 
increasing steadily ; it is quite conceivable that it should do 
so without limit. On the other hand, this duration might 
gradually tend towards some fixed length. Or, again, it is 
perfectly possible that future generations might prefer a short 
and a merry life, and therefore reduce their average. All 
that 1 am concerned to indicate is, that this uniformity (as 
we have hitherto called it) has varied, and, under the influence 
of future eddies in opinion and practice, may vary still; and 
this to any extent, and with any degree of irregularity. To 
borrow a term from Astronomy, we find our uniformity 
subject to what might be called an irregular ucular variation. 
'The above is a fair typical instance. If we had taken 
I a less simple feature than the length of life, or one less closely 
I connected with what may be called the great permanent 
uniformities of nature, we should have found the peculiarity 
[under notice exhibited in a far more striking degree. The 
deaths from smalUpos, for example, or the instances of 
duelling or accusations pf„witchcr^, if examined during 
a few successive years, would have shown a very tolerable 
\ degree of uniformity. But this uniformity has risen probably 
jfrom zero J after various and very great fiuctuations seems 
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tending towards zero again ; and may, for aoything we know,! 
undergo still greater fluctuations in future. Now these! 
examples 1 consider to be only extreme ones, and not such 
very extreme ones, of what is the almost universal rule in 
nature. I shall endeavour to shew that even the few apparent 
exceptions, such as the proportions between ma.le and female 
births, &c., may not be, and probably in reality are not, 
exceptions. A type that is persbtent and invariable is scarcely] 
to be found in nature'^.* I 

In these and similar cases, the fallacy arises from 
supposing; that mere frequency of occurrence affords a 
sufficient g^iide to inference, without reflecting that the 
events depend ,,<j p c^upeg . and that, if the causes vary . 
the character of the events must varv with them . 

Sometimes, frequency o f occurrence, instead of fiumish- 
ing an argument for the recurrence of an event, ought, 
if we duly reflect on the natural action of causes, 
actually to furnish an argument ag^nst. it. Thus, a 
miner, instead of trusting to his rope, because it has 
served him so often, ought actually to distrust it, because 
it has been strained so much ; a prodigal, who has 
frequently succeeded in borrowing from his friends, ought 
to begin to suspect that their patience may be exhausted ; 
a timid man, who has on one or two occasions aroused "s'Aif f.,-v 
his neighbours by a false alarm, instead of arguing from n;if^ ^''"^^ 
experience that they will come to his rescue again, ought '^ v ■■.' ': : 
rather to espect that, warned by the past, they will 
remain comfortably in their beds. It cannot be too often 

" Venii'i Logic ofChaiKi, ch. i. sect. 10, il. 
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repeated, that we ought never to depend on frequency 
of occurrence, wherever it is possible to have recourse 
to facts of causation. 

It is remarked by Mr. Mill that the Method of Simple 
Enumeration, though almost banished from the physical 
sciences, is still the conmion and received method of 
induction in whatever relates to man and society . The 
reason of this remark is to be sought in the extraordinary 
difficulty of subjecting this class of speculations to the 
more scientific methods. Moral and so cial phenomena 
are so complex that it is often next to impossible 
!to discover b y elimination the true connexion between 
I any two events or sets of facts. Take, for instance, such 
questions as the i nfl uence of any particular form irf 
government upon the wdfare of the people among whom 
k is established, the effects of T^lip on.or of any ^articijar 
form of religion ^ upon morals, the social and political 
conditions most favourable to the development of art 
or literature or science or commerce. Here, if it be re- 
quired to discover the (yuse of a given effect, our ma- 
terials are a set of consequents constantly varying in their 
character and intensity, and a set of antecedents, often 
very numerous, any one of which may have an appreo- 
able influence in the production of the effect in ques- 
tion ; and it is obvious that to detect the precise degree 

which the effect is due to any one of these antecedents, 
even supposing the task to be possible, will require the 
'utmost skill, patience, and dispassionateness in the 
jselection and comparison of instances. Nor, If it be 
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required to discover the effect of a given cause, will the 
task be much simplified ; fiw, though it may be possible 
to fix the precise tim e at which a new cause — say a new 
form of religion, a new fram of government, or a 
commercial tariff — was introduced, yet, before it can be 
argued that any novel event which may appear to have 
resulted from it, is really due to it, as an effect to a causCj 



the enquirer is bound to satisfy himself (1) that the i ntro- 
duct i on of th e n ew cause waa not a ccom panied by other 
causes whi ch ma y have whojly or partially produced the 
s uppose d effect, (2) that the new cause and the su ppose d . 
e ffect are n ot joint effects of some common cause which 
he may have overlooked. It is the extreme difficulty of 
bringing this class of questions within the requiremente 
of scientific induction, that has led, on the one hand, to 
the employment of the loose Method of Inductio per 
Enumerationem Simplicem, or of a mere appeal to un- 
sifted experience, and on the otiier to the disbelief in Ihe 
possibility of aniving at any satisfactory conclusions upon 
tbem. At the same time, there can be littie doubt that 
moral and social enquiries are beginning to emei^e from 
the chaotic slate of confusion in which they have hitherto 
been snnk, and that what are now dignified with the titles . :,,. j 
of the moral and political sciences, however imperfect "•'^'Vk, 
they may be, are beginning to be soniething more than 
mere collections of random guesses, or conclusions drawn ^^,, .. 
from the first undisdfJined impressions of the teaching of ^^^-^^'';^ 
experience. 

To the class of fallacies originating in the employment 
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of the incomplete Inductio per Enumerationem Simplicem 
may perhaps be referred the illegitimate use of the Argu- 
ment from Authority. The opinions or predictions of a 



certain man or of a certain class of men upon some jarti- 
cnlar question or que stions have been subsequently found 



to tie verified by the issue of events or an examination of 
ithe facts. From this circumstance it is sufficiently rash to 
infer, ■without further warrant, that the correspondence be- 
tween these predictions or opinions and the subsequent 
events or ascertained facts is the result of knowledge, and 
not of what we call accident ; but, not content even with 
this inference, men are apt to draw the far more unwar- 
I rantable one that this person or class of persons is to be 
i accepted as an authority on jll matteig, or at least on 
|all matters of the same or of an analogous kind. It is 
on this principle that a savage, or even an uneducated man 
in a civilised community, wiU trust implicitly any person 
for whom he has conceived a general respect. In nine 
cases out of ten he probably acts more wisely in trust- 
ing to such a person than in trusting to himself. But 
the same habit of mind, which is a virtue among un- 
educated men and in primitive states of society, be- 
comes one of the most serious obstacles to progress 
and knowledge when men, either individually or col- 
lectively, have ' attained that stage at which they are 
table to enquire for themselves. We have to learn not 
only that men are to be trusted exclusively jvithin the. 
limits of their own experience , in their own profession 
or pursuit, but that even within those limits their authority 
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is apt to become tyrannical and irrational unless it is 
constantly confronted with facts and subjected to the 
criticism of others. 

But an undiscriminating submission to the authority^ 
of contemporaries, of which I have hitherto exclusively 
spoken, has been but a slight source of error when com- 
pared with undiscriminating submission to the authority 
of past generations °*. The latter involves a kind of com- 
pound fallacy. The authoriQr of an Aristotle or a Galen 
has come, by the process already described, to be re- 
ceived without question and without limit by his own or 
by the succeeding generation; and then, by the con- 
stant repetition of a similar process, it is received from 
that generation by the leading minds of the next, from 
them by their contemporaries, and so on, respect for 
tradition being blended with respect for a great name, 
and both these resting for their support on the de- 
ference paid to established authority. Many of the 
propositions accepted without the slightest hesitation 
by previous generations on this kind of authority now 

*< Of tbis tendency we have miny 'glaring instances,' ii Bacon would 
call Ihem. The eiroi has been, so to say, canoniied in the proverb 
* Mallem cum Plalone errare.' Th«e is a characteristic anecdote of 
Schcincr, who contests with Galileo the honoui of having been (he first 
to obseirethe spots in the sun. 'Scheiner was a monk; and, oncommu- 
Dicating to the superior of his order the account of ihe spots, he receiied 
in reply fiom that learned father a solemn admonition against such 
heretical notions : — "I hare searched thiough Aristotle," he said, "and 
can find nothing of the kind mentioned : be assured, therefore, that it 
ii a deceplion of youi senses, or of your glasses."' — Biden Powell's 
Hitlory of Natural Philosophy, p. 171. 
U 
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appear to us patently absurd, nor is it without effort 
that we can realise the universality of their former re- 
ception ^^ Instances of such propositions have already 
been given under the head of the Fallacies of Non- 
Observation, to the production of which class of fallacies 
the undue devotion to authority has, perhaps, contributed 
more than any other cause". But, in subjects (ying 

" The incieasing unwillingness of men to accept a pioposilion on 
mete authmity h thut Torcibly put by Beulhani, Booh of Failacits, 
Pari I. ch. i., fint pablithed iu French by M. Domoat, in 1S15, and in 
English by ' A Friend,' in 1S14. 

' As the world grows older, if at the iime time il grows wiser (which 
it will do, unless Ihe period shall have arrived it which experience, the 
mother 0/ wisdoni, shall have become barren), the influence of authority 
will in each lilnation, and partjcalarty in parliament, become less and 
•less/ 

' Take any part of the field of moral science, priiate morality, consti- 
tutional law, private law ; go back a few ceoturies, and yon will find 
argument consisting of reference to authoiily, not exdusirety, but in as 
large a proportion as possible. At e xpeiJence hat increased, authority 
has been gradually let aside, and reasoning, drawn from facts, and guided 
by reference to the end in view, true or false, has taken its place. 

'In mechanics, in astronomy, in Diathemilict, in the new-born science 
of chemistry — no one has a( this lime of day either eSrootery or folly 

of these branches of ntd'ul knowledge, the most rational and eligible 
couiie, is to tututitute decision on the ground of authority to decision 
on the ground of direct and spedGc evidence.' 

■• It might appear that the JHep limate use of the Argument from 
AuUioriJi should be clajsed amongst the Fallacies of Non-O bservation; 
bat, though a blind devotion to authority is one of the most powerful 
iofluencct in leading men to neglect observation and experiment, the 
dispoBtioD to bow thus unduly lo it ii itself a fact which require* 
eiplanatioa, and one which it it hen attempted to ci^laia. 
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remote from ordinary observation, propositions aJmost 
equally absurd have held their ground till quite recently ; 
some continue still to maintain themselves, and others no 
doubt will be propounded, from time to time, to take ad- 
vantage of the credulity of mankind. 

' To give a general currency,' says Dr. Paris '■'', ' to a hypo-i 
thetical opinion, or medicinal reputation to an inert substance,! 
nothing more is required than the taljsmanic aid of a few! 
great names; wbeu once established upon such a basis, inge-| 
nuity, argument, and even experiment, may open tbeir inef- 
fectual batteries ; the laconic sentiment of the Roman satirist 
is ever opposed to remonstrance: — "Marcus disilf Ua eil." 
A physician cannot err in the opinion of the public, if he 
implicitly obeys the dogmas of authority. In the most bar- 
barous ages of ancient Egypt, he was punished or rewarded I 
according to the extent of his success ; but to escape the I 
former it was only necessary to show that an orthodox planil 
of cure had been followed, such as was prescribed in the i 
acknowledged writings of Hermes. It is an instinct in our | 
nature to follow the track pointed out by a few leaders ; 
we are gregarious animals, in a moral as well as a physical 
sense, and we are addicted to routine because it is alwaysl 
easier to follow the opinions of others than to reason and! 
judge for ourselves; and thus do one half of the world livef 
as alms-folk on the opinions of the other half. What but 
such a temper could have upheld the preposterous system of 
Galen for more than thirteen centuries, and have enabled 
it to give universal laws in medicine to Europe, Africa, and 
part of Asia? What, but the spell of authority, could have 
inspired a general belief that the sooty washings of resin could 
act as a universal remedy? What, but a blind devotion to 
authority, or an insuperable attachment to established custom 
" Dr. Parit' Phanaaeoiogia, Introduction, p. 76, Sic 
U 3 
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and routine, could have so long preserved from oblivion the 
absurd medicines which abound in oar earlier dispensatories? 
for example, the "Dtcoclum ad Ictericos " of the Edinburgh 
College, which never had any foundation but that of the 
doctrine of signatures in favour of the Curcuma and Cbeli- 
donium majtu; and it b only within a few years that the 
Tberiaca Jtidromacbi, in its ancient form, has been dismissed 
from our Pharmacopoeia. The Codex Medicamentarius 
of Paris still cherishes the many-headed monster of phar- 
macy, under the appropriate title of " EUctmrium Opmlum 



'The same devotion to authority which induces us to re- 
tain an accustomed remedy with pertinacity, will frequently 

[ Oppose the in troduction of a novel jiractice with asperity , 
unless indeed it be supported by authority of still greater 

jweight and consideration. The history of various articles 
of diet and medicine will prove in a striking manner how 
greatly their reputation and fate have depended upon 
authority. It was not until many years after Iftcacuan 
had been imported into Europe, that Helvetius, under the 
patronage of Louis XIV, succeeded in introducing it into 
practice : and to the eulogy of Katharine, queen of Charles 
II, we are indebted for the general introduction of tea into 
England.' ' 

' The history of the y^ ^ hath presents us with another 
curious instance of the vicissitudes to which the reputation 
of our valuable resources is so universally exposed ; that 
which for so many ages was esteemed the greatest luxury 
in health, and the most efficacious remedy in disease, fell into 
total disrepute in the reign of Augustus, for no other reason 
than because Antonius Musa had cured the emperor of a 
dangerous malady by the use of the col d bath . The most 
frigid water that could be procured was, in consequence. 

Dr., ;X.OOglC 



TO INDUCTION. 



"Cipul ac stomichuiri supponer? fontibus audent 
Clusinis, Gabiosqne petuot, et frigida ruia." — Episl. xv. lib. i. 

'This practice, however, was doomed but to an ephemeral 
popularity, for, although it had restored the emperorto health, I 
it shortly afterwards killed his nephew and son-in-law, Mar- 1 
cellus; an event which at once deprived the remedy of its^ 
credit and the physician of his popularity. 

' The history of the P gyyivian bark would furnish a very 
- curious illustration of the overbearing influence of authority 
in giving celebrity to a medicine, or in depriving it of that 
reputation to which its virtues entitle it. This heroic remedy 
was first brought to Spain in the year 1632, and we learn 
from Villerobel that it remained for seven years in that 
country before any trial was made of its powers, a certain 
ecclesiastic of Alcala being the first person iu Spain to whom 
it was administered in the year 1(139; but even at this period 
its use was limited, and it would have sunk into oblivion but 
for the supreme power of the Roman church, by whose 
auspices it was enaWed to gain a temporary triumph over 
the passions and prejudices which opposed its introduction. 
Innocent the Tenth, at the intercession of Cardinal de Lugo, 
who was formerly a Spanish Jesuit, ordered that the nature 
and effects of it should be duly examined, and, upon being 
reported as both innocent and salutary, it Immediately rose 
into public notice; Its career, however, was suddenly stopped 
by its having unfortunately failed, in the autumn of 1651, to 
cure Leopold, Archduke of Austria, of a quartan intermittent; 
this disappointment kindled the resentment of the prince's 
principal physician, Chifletius, who published a violent philippic 
against the virtues of Peruvian bark, which so fomented the 
prejudices against its use, that it had nearly fallen into total 
neglect and disrepute.' 
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In discussing the Argument from Aulkoriiy, I have 

already touched on the Argument from Universal Comtnl. 
' This is a proposition to which we cannot refuse our 
assent, for it is accepted by all mankind.' In dealing 
with this argument, we must always ask, first of all, 
whether the proposition assented to expresses an im- 
mediate ^ percepti on or an jnferencg, If it expresses the 



former, we cannot call it in question, for the immediate 
perceptions of men are ultimate facts, true, at all events, 
to us, and admitting of no further test. But if the pro- 
position expresses an inference, as, for instance, in the 
case of the belief in the motion of the sun round the 
earth, or the non-existence of antipodes, we must pro- 
Iceed to ask further what a re the grounds of t he inference^ 
',and, unless the grounds of the inference approve them- 
;selves to us, we are at liberty to doubt or reject it. At 
the same time, this argument, even though the proposi- 
tion only express an inference, may possess considerable, 
if not overwhelming, force, provided that the conclusion 
has been arrived at by a number of competent persons 
after due examina^on, and as a result of independent 
I investigation. Even here, however, the true authority is 
'that of the competent investigators, not that of their 
(Credulous or incompetent followers". The latter, as was 

" 'VenHenim consentui is e«, qui ex liberUIe jodicii (te prio! tK- 
ploiati) in idem conicnieote consistit. At nametut ]on|[e rouimas 
. In Atiitolelii philoiaphiim consenserunt, ex prajudicio et 
alioTum te illi mincipavil ; ul (cquaciUi iJt potiut et coitio, 
insus.' — Bicon, Nov. Org., Lib. I. Aph. Ixxrii. 



TO INDUCTION, 295 

once said by the late Bishop Thirlwall, may be regarded 
as the ciphers after a decinial point". 

V. The errors incident to the employment of the 
various Inductive Methods. have already been pointed out 
in my detailed description of each of these Methods, but 
it may be useful in this place to take note of certain forms 
of fallacy which appear to be common to them all. 

The Inductive Methods may all be regarded as de- 
vices for the elirninat ion of extraneous circumstances and 
/ ^jfor the establis hment of a causal connexiOT between some 
two phenomena, a and b, the connexion which it is sought 
to establish being generally that of cause and effect. 
Now, in our investigation, we may either have mi si alt en 



the precise relation between a and b, or we may have 
o verlooked some other ma terial circumstance or group 
of circu msta nces, c. In the former case, the most 
common sources of error are either the inversion of 
cause arid effector the neglect of their reciproca l action, 
the 'mutuality of cause and effect,' as it is called by 
Sir G. C. Lewis. In the latter, case (supposing a to 
be the presumed cause, and h the presumed effect), it 
seems open to us to have committed any of the following 
errors : (i) to have mistaken a for the cause, when the 
real cause is c ; (2) to have mistaken a for the sole cause, 
when a and c are the joint causes, either (a) as both 

* Cp. Glinnll'i Sctpsis ScimHfica, cb. ivii. : ' Aulhoriliei alone with 
me mabe no number, nnleu Evidence of Reason stand before them : for 
^I the Cyphers of Arithmetic ire no better than a single nothing.' 
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contributing to the Mai effect, or (fl) as being both essen- 
tial to the production of any effect whatever"; (3) to 
have mistaken a for the cause of b, when they are really 
both of them elTects of c; (4) to have mistaken a for 
the proximate cause of b, when it is really only the re- 
mote cause; c, which has escaped our attention, being 
the proximate cause. «-!<«./ . j " ■ 

To begin with the latter class of errors. ■. O ^.-. -A- ■■^' 
(i) The following extract from Mr. Lewes' Physiology 
of Common Life " may serve as an illustration of the first 
subdivision: — 

' One very general, indeed almost universal, misconception 
on this subject (asphyxia or suffocation) is, that carbonic acid 

Iis poisonous in the blood ; but the truth seems to be that the 
carbonic acid is noxious only wiien it prevents the access 
of oxygen. There is always carbonic acid in the blood, both 
venous and arterial. Its accumulation in the blood is ontf 
fatal when there is such an accumulation m the atmoipbere 
as will prevent its exhalation ; its mere presence in the blood 
seems to be quite harmless, even in large quantities, provided 

I always that it be not retained there to the exclusion of 
oxygen. Carbonic acid, when at)sorbed into the blood, which 
is alkaline, cannot there exert its irritant action as an acid, 
because it will either be transformed into a carbonate or be 
dissolved. Bernard has injected large quantities into the 
veins and arteries, and under the skin, of rabbits, and found 

•• The distinction may be illuslcat^l b; 1 familiar example If a 
cittciD i( filled by two pipes, ihe water passing through each aaitribulti 
to [he lolal amoant of water in the dstern. Bat, if the cistern is filled 
by one pipe having two laps, one above the othei, both taps must be 
tumeil in order that the cistern may receive any water whatever, 

" Vol. i. p. 383. 
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no noxious effect ensue. The more carbonic acid there is 
in the blood, the more will be exhaled, provided always that 
the air be not already so charged with it as to prevent this 
exhalation.' 

Here there are really two antecedents, the presence 



of carbonic a cid and the exclusion of oxygen, and the 
noxious effects, which are erroneously ascribed to the 
former cause, ought properly to be referred to the 
latter. 

The above extract exemplifies this error as vitiating 
an application of the Meth od of Agreement In the 
following extracts from Dr. Paris' Pkarmacologia, it will 
be seen also to vitiate applications of the Method of 
Difference ; — 

' Soranus, who was contemporary with Galen, and wrote 
the life of Hippocrates, tells us that honey proved an easy 
remedy for the aphthi of children ; but, instead of at once 
referring the fact to the medical qualities of the honey, he 
very gravely explains it, from its having been taken from! 
bees that hived near the tomb of Hippocrates**!' [ 

' In my life of Sir Humphry Davy, I have published an 
anecdote which was communicated to me by the late Mr. 
Coleridge, and which bears so strikingly ufton the present 
subject that I must be excused for repeating it. As soon 
as the powers of nitrous ox ide were discovered. Dr. Beddoes 
at once concluded that it must necessarily be a specific for 
paralysis: a patient was selected for the trial, and the 
management of it was entrusted to Davy. Previous to the 
administration of the gas, he inserted a small pocket thermo- 
meter under the tongue of the patient, as he was accustomed 
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to do upon sucb occasions, to ascertain the degree of animal 
temperature, with a view to future comparison. The paralytic 
man, wholly ignorant of the nature of the process to which 
he was to submit, but deeply impressed, from the representa- 
tions of Dr. Beddoes, with the certainty of its success, no 
sooner felt the thermometer under his tongue, than he con- 
cluded the talisman was in full operation, and in a burst of 
enthusiasm declared that he already experienced the effect 
of its benign influence throughout his whole body: the 
opportunity was too tempting to be lost; Davy cast an 
intelligent glance at Mr. Coleridge, and desired his patient 
to renew his visit on the following day, when the same 
ceremony was performed, and repeated every succeeding day 
for a fortnight, the patient gradually improving during that 
period, when he was dismissed as cured, no other application 
having been used".' 

' Amonpt the numerous instances which have been cited 
to show the power of faith oyer disease, or of the jnind over 
the bodily organs, the cura performed by rtyal touch have been 
considered the most estraordinary : .but it would appear, upon 
the authority of Wiseman, that the cures which were thus 
effected were in reality produced by a very different cause ; 
for he states that part of the duty of the royal physicians and 
(Serjeant surgeons was to select such patients afflicted with 
jscrofula as evinced a tendency towards recovery, and that 
[they took especial care to choose those who approached the 
lage of puberty. In short, those only were produced whom 
Nature had shown a disposition to cure ; and as the touch of 
(the king, like the sympathetic powder of Digby, secured the 
[ patient from the mischievous importunities of art, so were the 
efforts of Nature left free and uncontrolled, and the cure of 
the disease was not retarded or opposed by the administration 
of adverse remedies. The wonderful cures of Valentine 

" Pharmacologia, p, 38. 
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Greatricks, performed in 1666, which were witnessed by 
contemporary prelates, members of parliament, and fellows 
of the Royal Society, amongst whom was the celebrated 
Mr. Boyle, would probably, upon investigation, admit of a 
similar explanation. It deserves, however, to be noticed, 
that in all records of extraordinary cures performed by 
mysterious agents, there has always been a desire to conceal) 
the remedies and other curative means which might havel 
been simultaneously administered. Thus Orihasius com-| 
mends, in high terms, anecklace of peony-mat for the cure 
of epilepsy.: but we learn that he always toot care to accom- 
pany its use with copious evacuations, although he assigns 
to them not the least share of credit in the cure. In later 
times, we have an excellent specimen of this species of 
deception, presented to us in a work on scrofula by Mr. 
Morley, written, as we were informed, for the sole purpose 
of restoring the much-injured charapter and use of the 
■vervain; in which the author directs the root of that plant 
to be tied with a yard afvibite latin riband around the neck ; 
— but mark — during the period of its application, he calls 
to his ^d the most active medicines in the materia medica. 
"It is unquestionable," says Voltaire, speaking of spixfidea, 
"that certain words and ceremonies will effectually destroy 
a flock of sheep, if administered with a sufficient portio 



'Our inability upon all occasions to appreciate the efforts 
of nature, in the cure of disease, must necessarily 
notions, with respect to the powers of art, liable ti 
errors and deceptions. Hence protracted or <wire-dra<wn 
cures ought to be very cautiously received as evidences of the 
success of medical treatment. M»ny diseases require only 
time to enable nature to remove them. All the long train 
connected with hj^fppa ar<- cured bj time; the solution of 
*■ Pharmaeologia^ p. 30- 
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Iwhicb, as Mr. Travers has obserred, is to be found in the 
fact, that the hysteric period wanes, and the restlessness of 
the temperament undergoes a slow but salutary change. 
Nothing, certainly, is more natural, although it may be very 
erroneous, than to attribute the cure of a disease to the last 
medicine that had been administered ; the advocates even of 
amulets and charms have been thus enabled to appeal to 
the testimony of what they call experience, in justihcation of 
their superstition",' 

Of a similar character was the old superstition, nodced 
by Sir Thomas Browne " and many other authors, that 
(the hardest stone could be broken by goat's blood : — 

'And, liist, we hear it in every mouth, and in many good 
authois read it, that a diamond, which is the hardest of 
stones, not yielding unto steel, emery, or any thing but its 
own powder, is yet irfade soft, or broke by the blood of a 
goaL . . . But this, I perceive, is easier afiirnied than 
proved. For lapidaries, and such as profess the art of cutting 
this stone, do generally deny it ; and they that seem to 
countenance it have in their deliveries so qualified it, that 
little from thence of moment can be inferred for it. For 
first, the holy fathers, without a further enquiry, did take it 
for granted, and rested upon the authority of the first de- 
liverers. . . , But the words of Pliny, from whom most likely 
the rest at first derived it, if strictly considered, do rather 
overthrow, than any way advantage this effect. His words 
are these : Hircina rumpitur sanguine, nee aliter quant rccenli 
ealidoque macerata, et lie qaoque mullis ictibus, tunc eliam prmttr- 
guam eximiaj incudes inalleosque firreas frangens. That is, it is 
broken with goat's blood, but not except it be fresh and warm, 

" Fharmacohgia, p. 83. 

** Enquiry into Vtdgar and Common Errors, Bk. II. ch. t. Collected 
Workt, voL ii. pp. 334, 335. 
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The example of Sir Kerelm Digby's sympathetic 
powder (already quoted p. 268) also illustrates this class 
of fallacies U. 

It should be noticed Chat, when we attribute a pheno- 
menon to a wrong cause, it does not always follow that 
this cause, had it been in action, might not have produced 
the event. Thus, we may wrongly attribute death in 
some given case to poison, or infection to actual contact 
with a diseased person, or ignition to friction, because 
these causes were not then and there in action, though, 
had they been actually operating, they would have been 
perfecily competent to produce the effect. When we 
make a mistake of this kind, it frequently arises from ourl 
concentrating our attention exclusively on some one or[ 

" These jntlaaces, logether with miDy otheii in thii chapter, illus- 
tr»le the ancient fallacies ' Non caiiia pro causa, ' and ' Pusl hoe, ergo 
popter hoc,' It will probably have already occuired to the student that 
tome or the examples just died might have been equally well adduced as 
examples of the fallacy of Don-observatian, It, in fact, frequently happroA 
thatthe lame error may be assigned indifTerently to two or more sourceJ 
of deception. 'From the elliptical form,' says Archbishop Whateljj 
(Elements 0/ Logic, Bk. iii, § l), ' in which all reaioning is usually ei-( 
prused, and the peculiarly involved and ohiiijae form in which fallacy ill 
for the moil part conveyed, it must of course be often a matter of doubt, | 
or rather of arbitrary choice, not only to which genui each hind of fallacy 
ihould be ceFetred, but even to which kind 10 refer any one individual 
bllacy.' Thus, so intima elj are our intellectual operations blended, that 
it ii often extremely diflicult to decide whether a mistake be mainly due f 
to defectiv e observation or trroneom reasoning. 
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a. few of the possible causes which may produce a given 
effect, thus neglecting the consideration of the Plurality 
of Causes, to which attention has repeatedly been drawn 
in the previous pages ". 

{2) When an effect is the joint result of two or more 
causes, the causes may either jjmply contribute_ towards 
the production of the total result, though one only would 
produce some portion of it, or they may jjjj, be ^ssential 
to the production of any result whatever. It would be 
convenient if, in the former case, we could speak of the 
causes as jtn'rti causes, in the latter as Joint condilions, but 
to do so would perhaps be too great an innovation on 
established language. 

(a) An instance of supposing that a phenomenon is eQ; 
tirjj^ue to one cause, when it seems in reality to be only 
p ^ artially due to it, is (urnished by the prevalent notion 

ithat the heart is the sole cause of the circulation of the 
blood. 

' What is it,' says Mr, Lewes ", ' which causes the blood to 
circulate? "The heart," answers an unhesitating reader. 
That the heart pumps blood incessantly into the arteries, and 
that this pumping must drive the stream onwards with great 
force, there is no doubt; but, although the most powerful 
, agent in the circulation, the heart is not the sole agent ; and 
the more we study this difficult question, the more our doubts 
gather round the explanation.' 

* Let a few of the difficulties be stated. There have been 



■* See pp. 6, IJ5, 116, 119-131. 
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cases of men and animals bom without a heart ; these " acar- 
diac monsters" did not live, indeed could not live ; but they 
had grown and developed in the womb, and consequently 
their blood must have circulated. In most of these cases 
ther^ has been a twin embryo, which was perfect ; and the 
circulation in both was formerly attributed lo the heart of 
the one; but it has been fully established tiiat this is not the 
case. Further, Dr. Carpenter reminds us th 
sionally been noticed that a degeneration in 
the heart has taken place, during life, to such an extent that 
scarcely any muscular tissue could at last be detected 
but without any such interruption to the circulation as must 
have been anticipated if this organ furnishes the sole impelling 
force." On the other hand, an influence acting on the capil- 
laries will give a complete check to the action of the heart, 
although that organ is itself perfectly healthy and vigorous.' 

Mr. Lewes then proceeds to discuss the subject at 
greater length, but the above quotation is sufficient for 
my purpose, 

A familiar instance of this error occurs in the vulgar; 
notion that the mean annual temperature of a place iS' 
exclusively determined by its latitude. The reader need 
hardly be told that in this case there are many other 
causes at work, namely, elevatio n, distance from the sea, 
proximity of mou ntain chains, and the lake. 

When a number of causes, contribute towards the total 
effect, it is plain that, as in the last instance, they may 
operate in the way of modifying, counteracting, or even 
frust ratin g " each other's influence. This is a considera- 

* We sometiniei speak of ciUKS ' wbolij or partinlly counteracting 
each other.' It would be an advantage if we could appiopriite the 
vifai fnatralion to expiess complete couateiiction. 
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tion which it 13 often of the utmost importance to bear 
in mind, as will be obvious from the following examples, 
extracted, the former from Dr. Paris' Pharmacologia ", the 
latter from Sir G. C. Lewis' Methods of Observation and 
Reasoning in Polilics ". 

I' In ordering saline draughts as vehicles for active meiiicines, 
it is very important that they should be rendered perfectl2_ 
ineutral; the effect of a predominating acid or alEalTmay 
produce decompositions fatal to the efficacy of the remedy, 
as the practitioner will fully understand by a reference to the 
Acetate of Ammonia, and other preparations in the Table of 
j Incompatibles, In prescribing them to be taken in a state of 
'effervescence, we must consider whether the disengaged car- 
' bonic acid may not invalidate the powers of the remedies 
, simultaneously given with them, 1 should certainly recom- 
mend such a form to be avoided, in all cases where a salt of 
lead had been administered, for the carbonic acid retained 
in the stomach might probably convert it into a carbonate.' 

I 'But it is to be borne in mind that, in estimating negatiya. 
J due allowance must be made for the occasional 

n of camel For example : it might be 

argued, from the occurrence of several cases in which the 
abs ence of high import duties and of commercial restrictions 
was accompanied with abundance and cheapness of com- 
modities that the former was the cause of the latter. Certain 
instances might then occur, in which the former existed with- 

< out the latter ; but each of these exceptional cases might 
be accounted for, by showing that there was a special circum- 
stance, such as a deficient supply, or interruption of inter- 
course by war or blockade, which partially obstructed, and for 

" P. 498- " Vol. i. p. 386. 
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a time suspended, the operation of the former cause. Again :l 
it might be shown, bythe evidence of facts, that the operation! 
of a new law had been generally beneficial, with the exception! 
of certain districts, where its enforcement had been prevented! 
or retarded by certain peculiar and accidental circumstances. | 
Exceptions of this kind, which admit of an adequat e spei 



explanation, serve rather to confirm the general inference 
than to weaken it ; inasmuch as they raise the presumption 
that, but for the partial obstruction to the cause, it would 
have operated in these as in the other instances where no 
obstructions existed ".' 

' It is probably from observing this case of the problem 
of causation, that the popular error has arisen of supposing 
that a rule is somet imes proved by its exceptions. Every 
exception to a general proposition must, in so ^r as it is 
an exception, detract from the application of the proposition, 
and consequently disprove [or rather go towards disproving] 
it. Thus, if it were assertM that all cloven-footed animals 
ruminate, this assertion certainly would receive no confirma- 
tion from the feet, that certain cloven-footed animals— such 
as the hog — do not ruminate. If, however, the except! 
as in the case which we have been examining, admitted 
of a peculiar explanation, and it could be shown that the 
niiui or tendency of the cause was the same in the excep- 
tional as in the other instances, but that in the former it 
was counteracted and overcome, while in the latter it was 
not — then the exception may be said not to invalidate, but 
rather to confirm the rule.' 

The above passage is noteworthy, as furnishing a good 
conament, on the maxim, Exceptio prohat regulam, 3 
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< maxim which is, of course, only applicable where the 
1 esceptions are apparent, and where they admit of ex- 
Iplanation in conformity with the rule. 
] 0) That every event depends upon the concurrence, 
jof a number of causes, positive and negative, or, as they 
lare often called, conditions, has already been pointed 
out (Chap. I. pp. 13-15). Thus, the burning of a 
fire depends not only on the application of a lighted 
match and the supgly of fuel, but also on tlie presence 
of atmospheric mi^ or rather of the oxygen which it 
contains, though, from the universal presence of air, we 
arc less apt to think of the latter cause than of the former 
ones. The importance, however, of not overlooking this 
consideration is shewn by the extent to which we can 
augment the temperature by constantly bringing fresh 
currents of air into contact with any heated mass, as well 
as by the familiar phenomenon of the increased bright- 
ness with which a. fire bums on a frosty day, when the 
atmosphere is more than ordinarily dry or free from 
aqueous vapom. 

The importance of bearing in mind that an event 
depends upon a concurrence of causes may be further 
illustrated by the boiling-point of water. The point at 
which water boils depends upon two causes or con- 
ditions, the temperature of the water and the pressure 
of the atmosghere. Now, as the latter varies at different 
heights and in different states of weather, water does not 
always boil at the same temperature, the boiling-point 
being, as a rule, diminished by i" for every 590 feet that 
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we ascend, so that, whereas at the sea level water boils I 
at about 212° Fahrenheit, on the top of Mont Blanc it 
boils at about 185°. It is obvious that any one, not bear- 
ing in mind this fact, might be exposed to the greatest' 
practical inconveniences, ■ j 

The following quotations from Dr. Paris' Pharmaco- 
logia will furnish a sufficient illustration of the importance 
of this consideration and of the errors which may result 
from neglecting it. 

' In some cases of irritability of stomach, the addition of a 
small quantity of opium will impart efficacy to a remedy 
otherwise inert ; an emetic will often thus be rendered more 
active, as I have frequently witnessed in my practice. In I 
some states of mania, and affections of the brain, emetics will | 
wholly fail, unless the stomach be previously influenced andj 
prepared by a narcotic. I have often also found that the] 
system has been rendered more susceptible of the influence 
of mercury by its combination with antimony and opium. 
So, again, when the system is in that condition which is 
indicated by a hot and dry skin, squill will fail in exciting 
expectoration; but administer it in conjunction with am- 
monia, ^d in some cases with Antimanial Wint and a iatine 
draught, and its operation will be promoted. As a diuretic, 
Squill is by no means active, when singly administered, but 
Calomel, or some mercurial, when in combination with it, 
appears to direct its influence to the kidneys, and in some 
nnknotni manner to render these organs more susceptible of 
its influence ".' 

' It has been determined by the most ample experience, 
that substances will produce effects upon the living system, 
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iwhen presented in a state of simple mechanical miKturfc 
Ivery tMfferent Irom those which the same medicinal ingre- 
jdients will occasion when they are combined by the agency 
Jof chemical affin ity . To illustrate this by a simple case,— a 
, ibody suspended in a mixture in the form of a powder, will 
(act very differently if held in solution by a. fluid. The rela- 
tive effects of alcohol in the form of what is termed " ifirit." 
and in that of wjag, may be explained upon the same prlD- 
Q ciple ; in the former case it is in a state of mixture, in the 
' latter in that of combination. It has been demonstrated 
beyond all doubt, that' ^bottle of port, madeira, or sherry, 
actually contains as much alcohol as exists in a pint of 
brandy ; and yet how different the effect 1 — a fact which 
affords a \ery striking illustration of the extraordinary 
powers of chemical combination in modifying the activity 
of substances upon the living system ".' 

It has been very generally supposed that substances, 
whose application does not produce any sensible action upon 
the healthy system, cannot possess medicinal energy ; and, on 
the contrary, that those which occasion an obvious effect 
must necessarily prove active in the cure or palliation of 
jdisease. To this general proposition, under certain limita- 
tions and restrictions, we may perhaps venture to yield our 
assent; but it cannot be too early, nor too forcibly impressed 
\ upon the mind of the young practitioner, that medicines are, 
^or the most part, but rflal'mc agents, producing their effects in 
i refirtnee only to the state of the living /rame. We must, there- 
I fore, concur with Sir Gilbert Blane in stating that the virtues 
of medicines cannot be fairly essayed, nor beneficially ascer- 
tained, by trying their effects on sound s ubjects, because that 
particular morbid condition does not exist which they may be 
exclusively calculated to remove ; thus, in a robust state of 
.the body, the effects of steel, in commendation of which, in 

" pharniaeciogitt,^. 416, 417. 
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certain diseases, professional opinion is unanimous, may be 
wholly imperceptible. Bitter tonics, also; may either prove 
entirely inert, or they may give strength, relax the bowels, or 
induce constipation, according to the particular condition of 
the patient to whom they are administered ; so again, in a 
healthy state of the stomach, a few grains of soda or magnesia 
will not occasion the least sensible eifect, but, where that 
organ is infested with a morbid acid, immediate relief will 
follow the ingestion of the one, and purgation that of the 
other. By not reasoning upon such facts, physicians have, in ' 
my opinion, very un philosophically advanced to conclusions j 
respecting the inefBcacy of certain agents. They have ad- ! 
ministered particular preparations in large doses, and, not ' 
having observed any visible effects, have at once denounced 
them as inert I might allude, for instance, to the irh-nilrale 
of bismuth, a substance which, however powerless in health, I 
am well satisiied, from ample experience, is highly effica- 
cious in controlling certain morbid states of the stomach, 
^Dr. Robertson has well observed that disease calls forth 
the powers, and modifies the influence of medicines. That 
which agitates the calm of health may soothe tbe irritation 
of illness, and that, which without opposition is inert, may 
act powerfully where it meets with an opponent. Experi- 
ments should be made on the sick, in order to determine how 
the sick will be affected, and nothing should be pronounced 
feeble, merely because it has, done nothing where there was 
nothing to be done".' 

To adduce one more illustration : insanity, though 
sometimes due to a number of causes, each one of 
which simply contributes to and aupments. the afiection, 
which would still exist, though in a weaker degree, 
even if some of them were absent, appears at other 
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Itimes to be the joint result of a number of causes, the 
ipresence of every one of which seems to be essential to 
jthe production of any effect so definite as to deserve the 
jname of mental derangement The train, in these cases, 
appears to be laid by a number of precedent circum- 
stances, and the addition of some one other circumstance 
seems to be the spark which produces the conflagration. 

'When we are toid,' s»ys Dr. Maudsley", 'that a man 
has become deranged from anxiety or yrief, we have 
learned very little if we rest content with that. How does it 
happen that another man, subjected to an exactly similar 
cause of grief, does not go mad ? It is certain that the entire 
causes cannot be the same where the effects are so different ; 
and what we want to hare laid bare is the conspiracy of 
conditions, internal and external, by which a mental shock, 
inoperative in one case, has had such serious consequences 
in another. A complete biographical account of the indi- 
vidual, not neglecting the consideration of his hereditary 
antecedents, would alone suffice to set forth distinctly the 
causation of his insanity. If all the circumstances, internal 
and external, were duly scanned and weighed, it would be 
found that there is no accident in madness ; the disease, 
whatever form it might take, by whatsoever complex con- 
currence of conditions, or by how many successive links of 
causation, it might be generated, would be traceable as the 
inevitable consequence of certain antecedents, as plainly as 
the explosion of gunpowder may be traced to its causes, 
whether the train of events of which it is the issue be long 
or short. The germs of msanity are sometimes latent in 
the foundations of the character, and the final outbreak 
is perhaps the explosion of a long train of antecedent 
.preparations.' 

^ Phyiiology and Palhology q/ Mind, Pitt II. ch. i. p. 335. 
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TO INDUCTION. 311 

(3) The phenomena of insanity also furnish a good 
illustration of the next source of error, the mistaking of 
joint effects for cause and effect. In this, as in many otherl 
diseases, symptoms are often mistaken for causes. Thus, I 
it is not uncommon to hear violent religious excitement 
or inordinate grief adduced as causes of insanity, whereas I 
these are probably merely incipient symptoms, due, in the f 
vast majority of cases, to precisely the same combination 
of physical and mental causes, which, when they operate 
with greater intensi^, ultimately issue in definite and 
unmistakable insanity. 

We have an instructive instance of the same error 
in some of the speculations respecting the origin of 
fevers. In Abdominal Typhus (the so-called Typholfd 
or Enteric Fever of the English Physlciana) the febrile 
symptoms (Pyrexia, Erethism, &c.) have been ascribed 
to certain lesions of the glandular structures of the 
intestines; but a wider observation has shown that 
the other symptoms often precede by some time the 
formation of the lesions, and that the fever may even 
run a fatal course, though it may be impossible, in a 
post-mortem examination, to detect the specific lesions 
in question. Practically, the correction of this and 
similar errors is of great importance, as much mischief 
may be done, and much time may be lost, by a mode 
of treatment which, through mistaking symptoms for 
causes, or co-effects for cause and effect, addresses 
itself only to the consequences of the malady, and leaves ■ 
the real source of evil unattacked. ) 
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The following anecdote, told by Dr. Paris, affords an 
I amusing illustration of the extent to which the ignorant, 
;in reasoning on cause and effect, may be deceived by an 
linvariable, or even frequent, concurrence of events. 

' 'It should,' says he**, 'be kept in mind, that two events 
;may arise from a common cause, and be co-existent, and yet 
have not the most remote analogy to, or dependence upon, 
leach other. It was a general behef at St Kilda, that the 
arrival of a ship gave all the inhabitants colds. Dr. John 
Campbell took a great deal of pains to ascertain the fact, 
and to explain it as the effect of ediuvia arising from human 
bodies; the simple truth, however, was, that the situation of 
' St. Kilda readers a north-east wind indispensably necessary 
before a stranger can land, — the wind, not the stranger, 
occasioned the epidemic.' 

In speculations on the history of language, languages, 
which recent investigation has shown to be related col- 
laterally , were by older philologists erroneously regarded 
as standing to each other in the relation of parent and 
child. I extract from Professor Max Mailer's Lectures on 
the Science of Language"^ the following illustration, which 
will already be familiar to many of my readers ; — 

'A glance at the modern history of language will make 
this clearer. There never could be any doubt that the so- 
called Romance languages, Italian, Wallachian, Provensal ", 

" Pharntacalogia, p. 89. 

" First Series. Lecture V. 

" The exact lelatianship of Fieach to Frovenfal may be lepresented 
ibus : the Peauat Latin became in the South uf Fnoce the Langae d'Oc 
(ci[ Pioveojal), and ia the Noith the Langue d'Oil, of which the Frendi 
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French, Spanish, and Portuguese, were closely related to each 
other. Everybody could see that they were all derived from 
Latin, But one of the most distinguished French scholars, 
Raynouard, who has done more for the history of the Romance 
languages and literature than any one else, maintained that 
Provenfal only was the daughter of Latin ; whereas French, 
Italian, Spanish, and Portuguese were the daughters of 
Proven;al. He maintained that Latin passed, from the 
seventh to the ninth century, through an intermediate stage, 
which be called Langue Romane, and which he endeavoured 
to prove was the same as the Provenjal of Southern France, 
the language of the Troubadours, According to him, it was 
only after Latin had passed through this uniform metamor- 
phosis, represented by the Langue Romane or Provencal, 
that it became broken up into the various Romance dialects 
of Italy, France, Spain, and Portugal, This theory, which 
was vigorously attacked by August Wilhelm von Schlegel, 
and afterwards minutely criticised by Sir Comewall Lewis, 
can only he refuted by a comparison of the Proven9al 
grammar with that of the other Romance dialects. And here, 
if you take the auxiliary verb lo br, and compare its forms 
in Provenjal and French, you will see at once that, on 
several points, French has preserved the original Latin forms 
in a more primitive state than Provencal, and that, therefore, 
it is impossible to classify French as the daughter of Pro- 
ven9al, and as the granddaughter of Latin. We have in 
Proven pal : — 

um, corresponding to the French nou4 lommei, 

and it would be a grammatical miracle if crippled forms, such 

(or the dialect of the Isle de Fiauee) was the principal dialect, and has in 
iu modern form became the language of the nitibn. See Brachet'i 
Bistorical Grammar (Mi. Kitchin's Translation), p. l3. 
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as lem, etz, and im, had been changed back again into the 
more healthy, more primitive, more Latin, sammes, eta, tont; 

Let us applf the same test to Sanskrit, Greek, and Latin ; 
and we shall see how their mutnal genealogical position is 
equally determined by a comparison of their grammatical 
forms. It is as impossible to derive Latin from Greek, br 
Greek from Sanskrit, as it is to treat French as a modification 
of Proven9al. Keeping to the auxiliary verb to bt, we find 
tbat/ai»-isin 

Saotkiit Gteek Lithaaciaa 



The root b ai, the termination mi. 

Now, the termination of the second person i 
together with as, or es, would make 



But here Sanskrit, as far back as its history can be traced, 
has reduced assi to aii; and it would be impossible to suppose 
that the perfect, or, as they are sometimes called, organic, 
forms in Greek and Lithuanian, ei-ii, could first have passed 
through the mutilated state of the Sanskrit asi. 

The third person is the same in Sanskrit, Greek, and 
Lithuanian, ai-ti or fi-t'i; and, with the loss of the final (, we 
recognise the Latin at, Gothic iit, and Russian at'. 

The same auxiliary verb can be made to furnish sufficient 
proof that Latin never could have passed through the Greek, 
or what used to be called the Pelasgic stage, but that both 
are independent modifications of the same original language. 
In the singular, Latin is less primitive than Greek; for sum 
stands for es-um, a for «-«, tst for es-ti. In the first person 
plural, too, sumus stands for a-umiis, the Greek fs-mfs, the 
Sanskrit 'smas. The second person a-th, is equal to Greek 
es-tf, and more primitive than Sanskrit itba. But in the third 
person plural Latin is more primitive than Greek. The 
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regular form would be a-i-ant'i; this, in Sanskrit, is changed 
into santi. In Greek, the initial s is dropped, and the MoXic 
mii is finally reduced to e'ui. The Latin, on the contrary, 
has kept the radical 1, and it would be perfectly impossible 
to derive the Latin lunt from the Greek Hii' 

'(4) A not uncommon source of error is the confusion 
of the proximate with the primary or y^mote cause of a 
phenomenon. To be on our guard against this error is 
often of the utmost practical importance ; for the remo- 
val of the pro^j piatp cause may only temporarily remove 
the effect, and the primary cause may, after a time, repro- 
duce it ; or, again, the removal of the primary cause may 
still leave the proximate cause in full action. This error 
is well exemplified in Mr. Lewes' account of Thirst. 

'The sensation of Thirst is not merely a sensation depen- 
dent on a deficiency of liqu id in the sys tem, but a local sepsa- 
tinp flpppndpi^t |^|T_ ^ lij^gld jst urban 1^^ : the more water these 
men (the prisoners confined in the Black Hole at Calcutta) 
drank, the more dreadful seemed their thirst ; and the mere 
sight of water rendered the sensation, which before was 
endurable, quite intolerable. The increaie of the sensation 
following a suppty of water, would be wholly inexplicable to 
those who maintain that the proximate cause of Thirst is 
deficiency of liquid ; but is not wholly inexplicable, if we 
regard the deficiency as the ^Imary, not the proximate \ 
cause ; for this prima ry cause having set up a feverish con- J 
dition in the mouth and throat, that condition would continue 
mer the original cause had ceased, to exist. The stimulus . 
of cold water is only a momentary relief in this case, and 
exaggerates the sensation by stimulating a greater flow of 
blood to the parts. If^ instead of cold water, a little luke- 
warm tea, or milk-and-water, had been drunk, permanent 

Dr., :.G00glc 
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relief would have been attained ; or if, instead of cold water, 
a lump of ice had been taken into the mouth, and allowed 
to melt there, the effect would have been very different — 
a transitory application of cold increasing the flow of blood, 
a continuous application driving it away. 

' We must not, however, forget that although, where a . 
deficiency of liquid has occasioned a feverish condition of the 
mouth and throat, no supply of cold liquid will at once re- 
move that condition, the relief of the Systec 
not immediately producing relief of the local st 
theless, so long as the system is in need of liquid, the feeling 
of thirst must continue. Claude Bernard observed that a 
dog which had an opening in its stomach drank unceasingly 
because the water ran out as fast as it was swallowed ; in 
vain the water moistened mouth and throat on its way to 
the stomach. Thirst was not appeased because the water 
was not absorbed. The dog drank till fatigue forced it to 
pause, and a few minutes afterwards recommenced the same 
hopeless toil; but no sooner was the opening closed, and the 
water retained in the stomach, from whence it was absorbed 
into the system, than thirst quickly vanished",' 
■ In studying the history of a language, it is often 
most important to bear in mind that words ultimately 
derived from one language are proximately derived 
through the medium of another. Thus, there will occur 
to the reader numberless English words which have been 
derived f rom tbe L atin through the Fr en ch, as, for in- 
stance, ju<Ige, noble, etnpiror, governor, prince. And, to 
quote M. Brachet : — 

' When Jerome translated the Old Testament into Latin, 
he incorporated into his version certain Hebrew words which 

" Lewes' PAysioloSj of COmnioB Li/i, vol. I pp. 45-47, 
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had no Latin equivalents, as seraphim, Gehenna, pascha, &c. ; 
from Laty^ thev passed at a later time into French {jcrapbin, 
gene,fdquc). But they entered French from the Latin, notu 
from the Hebrew. The same is the case with the Arabic ; I 
its relations with French have been purely accidental. To I 
say nothing of those words which express oriental things, I 
such as Alcoran, bry, cadi, caraiiane, der-uiche, firman, janiuaire, 
&c., which were brought into the west by travellers, the 
Frgggji language received, in the middle ages, many Arabic 
words from another source : the Crusades, the scientific 
greatness of the Arabians, the study of oriental philosophies, 
much followed in France between the twelfth and fourteenth 
centuries, enriched the vocabulary of the language with many 
words belonging to the three sciences which the Arabians 
cultivated successfully : in astronomy it gave such words as 
aximutb, nadir, x,inilb ; in alchemy, alcali, alcaol, alambic, 
alciamie, elixir, sirup; in mathematics, algebre, xera, ebiffre. 
But even so these words did not come directly from Arabic] 
to French; they passed through the hands of the scientificl 
Latin of the middle ages. In fact, the oriental languages) 
have had little or no popular or direct influence on French".' 

The non-recognition of these intermediate channels, 
through which the words of one language have been 
introduced into another, has often led to the most erro- 
neous theories as to the connexion of languages or the 
relations subsisting between the people speaking them. 
Thus, it was once a favourite theory that all languages 
are derived from Hebrew, and the occurrence in dif- 
ferent languages of the same words has often, without 
any other ground, been regarded as a proof of the con- 
nexion of the most diverse races. 

" Hislarical Gramaar, p. 3 a, note 3. 
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I add an example from the science of Political 
'Economy. It has often been supposed tbat hi^h prices 
[produce high wages. A sudden rise in the price of any 
particular class of commodities may lead, by a desire 
on the part of the producers to increase the supply, and 
by a consequent increase in the demand for labour in 
that particular department, to a temporary rise in wa^es. 
But a rise in prices produces no E?T™.?--SS.9J "^ '" ^*^gcs, 
unless it leads to an increased accumulation of capital, 
that is, an augmentation of the fund available for the 
further production of wealth and, consequently, for the 
payment of wages". Here the rise in prices is the 
remote or primary, and the increased accumulation of 
capital is the proximate, cause of the phenomenon ; but, 
as counteracting causes, such as reckless speculation or 
the adoption of a more luxurious style of living on the 
part of the capitalists, may prevent the rise in prices 
from being followed by an increased accumulation of 
capital, it is often of great importance to distinguish the 
two. 

I have, thus far, discussed those errors which ori- 
ginate in overlooking the prese nce of s ome third circ^V; 
■ stance. But, even when all the circumstances except the 
[cause and effect (or what we suppose to be such) have 
■been eliminated, we may Still commit an error, either 
'from mistaking the cause for the effect, or from neglect- • 
,ing to take account of their mutual action and reaction, 
" See Mai't PolitKol Ettmomy, Blc 11. ch, li. \ i. 
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and being thus led erroneously to assign to one of ih e| 
two eaclusively the whole share in the production of thej 
ultimate effect I 

(5) The importance of not overlooking this latter source 
of error is well illustrated by the following remarks of 
Sir G. C, Lewis" ; — 

' An additional source of error in determining political 
causation is likewise to be found in the matualUy o f^^^ cauij 
and effect. It happens sometimes that, when 3 relation of ■ 
causation is established between two facts, it is hard to 
decide which, in the given case, is the cause and which the , 
effect, because they act and re- act upon eac h other, each 
phenomenon being in turn cause and effect. Thus, habits . 
of industry may produce wealth ; while the acquisition of 
wealth may promote industry: again, habits of study maf 
sharpen the understanding, and the increased acuteness of 
the understanding may afterwards increase the appetite for 
study. So an excess of population may, by impoverishing the 
labouring classes, be the cause of their living in bad dwellings ; 
and, again, bad dwellings, by deteriorating the moral habits 
of the poor, may stimulate population. The general intelli- 
gence and good sense of the people may promote its good 
government, and the goodness of the government may, in its 
turn, increase the intelligence of the people, and contribute 
to the formation of sound opinions among them. Drunken- 
ness is in general the consequence of a low degree of intelli- 
gence, as may be observed both among savages and in civilized 
countries. But, in return, a habit of drunkenness prevents 
the cultivation of the intellect, and strengthens the cause 
out of which it grows. As Plato remarks, education im- 
proves nature, and nature facilitates education. National 

" On Methods of Oisirvalion and Reasoning in Politics, vol. i. 
p. 375- 
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[character, again, is both effect and cause: it re-acts on the 
jcircumstances from which it arises. The nation al peculiarities 
■of a people, its race, physical structure, climate, territory, 

I&c, form originally a certain character, which tends to 
create certain institutions, political and domestic, in harmony 
with that character. These institutions strengthen, per- 
petuate, and reproduce the character out of which they 
grew, and so on in succession, each new effect becoming, 
in its turn, a new cause. Thus a brave, energetic, restless 
nation, exposed to attack from neighbours, organises military 
institutions: these institutions promote and maintain a war- 
like spirit : this warlike spirit, again, assists the development 
of the military organisation, and it is further promoted by 
territorial conquests and success in war, which may be its 
result — each successive effect thus adding to the cause out 
of which it sprung.' 

The difference between the calculated and observed 
v ^pciti es ,^f ^Qund- falreadv noticed '°) furnishes another 
illustration of the importance of attending to the mutual 
^ction of cause_and_ effect. The wave of sound, in its 
passage through the air, developes heat by compression, 
and this heat, by augmenting the elasticity of the air, 
increases, in turn, the velocity with which the sound 
is transmitted. Thus the effect re-acts upon, and pro- 
motes the operation of, the original cause. It was from 
overlooking this fact that Newton's c^culatipn of the 
velocity of sound fell short of the observed velocity by 
about one-sixth of the actual rate. 

Matthus' speculations on the increase of population 

illustrate another form of the same error. He found 

•* Pp. 178-iSo. 
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that, in many cases, population increased faster than 
food increased. He inferred that this increase of popu- 
lation once beg:un would continue under a!) circuni' 
stances ; and that therefore a time was at hand, in many 
countries, when the bulk of the people would be reduced 
.almost to a state of starvation. He did not observer 
that, in this case, the effect re-acts upon the cause ; not,! 
however, in the way of promoting but of retarding itsl 
operation. The tendency of an increase of population) 
is certainly to diminish the supply of food; but, in 
attempting to forecast the ultimate result of this ten- 
dency, Mallhus did not take sufficient account of the 
i2.a. that the diminution in the supply of food has, 
in its turn, a tendency to curest the increase of popu- 
lation. 

Instances of the tendency of an effect to re-act upon 
its cause, in the way of diminishing its intensity, are very 
frequent in human affairs. Thus, when a man discovers 
that he is labouring under a disease, the additional 
prudence which he is induced to exercise will often 
not only arrest or retard the progress of the disease, 
but lead to the prolongation of his life beyond the usual 
term. Again, when a deficiency of sanitary arrange- 
ments has led to an increased mortality or the outbreak 
of a pestilence, the attention thus directed to the noxious 
influences at work will often result in their removal, or, 
at least, in some considerable alleviation of them. It is 
plain that, in speculating on the future, these are con- 
^derations which ought not to be left out of account 

Y 

D.-., jXiOOglc 



3** FALLACIES INCIDENT 

1(6) We may invert cause and effect, mistaking one 
for the other. This error is not infrequent in historical 
speculations, as, for insUnce, when some great event, 
such as the religious reformation of t he s ixteenth cen- 
HiTjj or the French Rev olution, is assigned as the cause 
of a general change of opinion or of certain mental 

iand social habits, whereas, in reaUCy, the gradual, and 
often unobserved, operation of this change has been the 
cause, and not the effect, of the historical event. In 
I a case of this kind, however, the event may, in turn, 

ihave intensified, and, perhaps, given the sanction of 
authority to, the causes which produced it. 

Ag^in, a paiticu lar form of government, monarchical, 
aristocralical, democraticaJ, or the like, is often assigned 
as the cause of certain peculiarities of social feeling or 
■national character, whereas it would probably be far 
imore correct to regard the form of government as due, 
in the first instance, to these peculiarities, though it, in 
turn, may have intensified the causes to which it was 
originally due. 

In meteorolt^cal speculations it has been questioned 
whether the electrical phenomenon of lightning is the 
e or effect of the sudden precipitations of rain and 
hail which it generally accompanies. Sir John Herschel 
(in opposition to the ordinary opinion*') maintains that 
it is the effect, and argues thus: — 

' Whatever may be the state of the ultimate molecules of 

" Herich«l'» Mtuonlogy, \% 135, 137. 
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vapour, it seems impossible but that when a great multitude 
of them lose their vaporous state by cold, and coalesce into 
a drop or snow spangle, however minute, that drop will have 
collected and retained on its surface (according to the laws 
of electric equilibrium) the whole electricity of its con- 
stituent molecules, which will therefore have some finite, 
though very feeble tension. Now, suppose any number (1000 
for instance) of such globules to coalesce, or that bysuccessive 
deprositton one should gradually grow to 1000 times its original 
volume. The diameter will be only 10, and the surface 100 
times increased. But the electric contents being the sum 
of those of the elementary globules, will be increased one 
thousandfold, and, being spread entirely over the surface, will 
have a tenfold density (i.f. tension), 

' It will easily be seen that, when thousands of these electri- 
ferous globules again further coalesce into rain drops, a great 
and siidden increase of tension at their surface must take 
place. Their electricity, then, is enabled to spring from drop 
to 4rp^, and, rushing in an instant of time from all parts of 
the ' e^ud to the surface, a flash is produced. Accordingly, 
in thunder-storms, it is the commonest of all phenomena to 
find each great flash succeeded by a sudden rush of rain at 
such an interval of time as may be supfiosed to have been 
occupied in its descent. The sudden precipitation of large 
quantities of rain, and especially of hail, which is formed in 
a cold region, where the insulating power of the air is great, 
is almost sure to be accompanied with lightning, which the 
usual perversity of meteorologists, where electricity is in ques- 
tion, long persisted, and even yet persists, with few exceptions, 
in regarding as the cause, and not the consequence, of the 
precipitation.' 

A question has also been raised whether the copious 

precipitation of rain which usually takes place in the 

Y 2 
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1 centre of a cyclone is the canse or the effect of the 
cyclone. The more probable view is that the partial 
va cuum prod uced by the__rajn-JaU, and the consequen t 
inrush or ^jhe_jurroundin )j ; a tmosphere, is the cause of 
the cyclone. 

Mr. M'Lennan, in his Prtmiiive Marriage, conceives 

that marriage by capttire arose from the custom of 

t gamy. that is to say, from the custom which forbad 



marriage within the tribe. Sir John Lubbock", on the 
other hand, opposes this opinion, and regards ezt^my 
arising from mairiage by capture, not marriage by 
capture from exogamy, 'Mr. M'Lennan's theory,' says 
he, 'seeii)s to me quite inconsistent with the existence 
of. tri^p which have marriage by capture and yet are 
endbgamous. The Bedouins, for instance, have un- 
mistakeably marriage by capture, and yet the man has 
a right to marry his cousin, if only he 1>e willing to give 
the price demanded for her.' 

Professor Rogers, in his Manual of Political Economy'*, 
calls in question the received opinion on the relation 
between the increase of population and the cultivatiott 
of inferior soils. Though I cannot accept his position, 
the passage will serve as an instance of the difficulty 
frequently experienced in determining which of two 
phenomena or events is cause and which is effect 

' There b not a shadow of evidence in support of the state* 

" Origin rf dvili^atiim and Primitht Condition Iff Man, cb. 3. 
" P- 153. 
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ment that inferior lands have been occupied and cultivated as t 
population Increases. The increase of population has not| 
preceded hiit fplloweil this occupation and cultivation. It is 
not the pressure of population on the means of subsistence 
which has led men to cultivate inferior soils, but the fact thatt 
these soils being cultivated in another wa^, or taken into! 
cultivation, an increased population became possible. Howl 
could an increased population hive stimulated greater labour 
in agriculture, when agriculture must have supplied the means 
on which that increased population could have existed " ? To 
make increased population the cause of improved agriculture 
is to commit the absurd blunder of confounding cause and 
effect.' 

While agreeing with the ordinary theory that the' 
pressure of populatio n leads, in the first instance, to 



the cullivation of inferior lands, I should admit that the 



greater area of land under cultivation, by rendering 
possible a larger population, reacts upon and intensifies 
the original cause, an increased population leading to the 
cultivation of fresh lands, that rendering possible a still 
lai^er population, this in turn leading to the cultivation 
of fresh lands, and so on, till the process is arrested 
by counteracting causes. If this view be correct, the 
ordinary theory is more justly open to the charge of 
neglecting to take into account the 'mutuality' of cause 
and effect, noticed a few pages back, than of inverting 
their relation. 

* Thii queitioa appean to ignore the fact that a popniation mvf have 
an iniDffident nipply of food, thoagh nhat il does poEseu may be juit 
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, VI. The Argument from Analogy, as has already been 
stated, consists in drawing the conclusion that, because 
two phenomena resemble each other in certain observed 
points, they also resemble each other in certain other 
points beyond the range of our observation. The con- 
ditions to which such an inference, in order to be legi- 
timate, must conform, need not be here repeated. If 
the conditions be not fulfilled, we may commit the error 
either of over-estimating the force of the analogy ; of 
mistaking the direction in which it points, so as to re^rd 
an analogy which makes against a certain portion as 
making for it, or the reverse; or, lastly, of supposing 
grounds of analogy to subsist where there are really 
none- The two former errors have been sufficiently ex- 
emplified in the chapter on Imperfect Inductions. 

When we ex aggerate the v alue of analogical evidence, 
or mistake the conclusion to be dr awn from it , we may 
be led to do so either' by over -ratin g t he number of 
ascertained points of resemblance.., as__ co mpared with 
ascertained points of difEerence, or the reverse, or by 
miscalculating the extent of our knowledge of the pheno- 
mena. The examples referred to illustrate both sources 
of error. Thus, for instance, the points in which elec- 
tricity resembles a fluid are obvious, while the points of 
difference are far less obtrusive, and, moreover, the un- 
known properties of electricity are probably out of all 
proportion to those which we know. In this case, too, 
when we include the consideration of heat, light, and 
similar agencies, the argument from analogy may be 
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used against, rather than in favour of, the identification 
of electricity with a fluid. 

The student need, however, hardly be reminded that 
an analogy which in one state of knowledge appears 
to be a strong one may, as knowledge advances, become 
extremely faint, worthless, or even positively unfavourable 
to the position which it was originally adduced to support. 

The term False Analogy is. strictly speaking , applied '**^*'''^X 
not to those cases in which we over-estimate the value 
oftthe analogy, or mistake the direc tion inwhjchjLhe 
argument points, but to those cases of analogical in- 
ference in which there exists no ground for any analogy 
whatever. Two phenomena. A, B, resemble each other-«»»w-»?'' 
in the possession of the properties a, b, c. The pheno- 
menon A is observed also to present the property d, and 
hence it is inferred as probable that the same property 
is to be found also in B. Now it has already been pointed 
out that if we have any special reason for supposing d to 
be cau sally connected with any of the properties a, 6, c, 
the argument ceases to be analogical, and becomes in- 
ductive. But if, on the other hand, we have any special 
reason for supposing that d is causally connected wit h 
none of the properties a, i, c, there is no room for any 
inference whatever. The whole force of the Argument 
from Analogy consists in the chance of d being causally 
connected with a, b, or e; if we have r e as on to believe 
that this U^ the case, the argument becomes more than 
analogical; if we have reason to believe that it is not 
the case, we are debarred from employing the argument 
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I altogether. Thus, in a certain sense, the Argument from 
I Analogy is based on our ignorance; it is the result of 
J a calculation of chances, which an accession of know- 

i ledge may invalidate, by either augmenting, diminishing, 
or annihilating it. Of Fab e Anatogy , in its strict sense, 
that is to say, the error of supposing that similarity or 
dissimilarity in certain points is an evidence of similarir^ 
or dissimilarity in other points, when more careful re- 
flexion or observation would lead to the belief that there 
is probably no connexion whatever between the ob- 
served points from which the Analogy proceeds and the 
unobserved points to which it argues, instances are 
extremely numerous in almost every branch of knowledge. 
As this form of Fallacy is so common, I shall subjoin 
several examples of it. 

The following excellent illustration is quoted by Mr. 
Mill from Archbishop Whately's Rhetoric "* : 

< It would be admitted that a ijreat a nd permanent diminu- 
tion In the quantity of some us^ul, commodity, such as com, 
or coal, or iron, throughout the world, would be a serious 
and lasting loss ; and again, that if the fields and coal mines 
yielded regularly double quantities with the same labour, we 
should be so much the richer ; hence it mi^t be inferred, that 
if the quantity of ^old and ^lyer in the world were dimiui^ed 
one half, or were doubled, like results would follow ; the 
utility of these metals, for the purposes of coin, being very 
great. Now there are many points of resemblance and many 

" Mill'i Ltgie, Bk. V, ch. v, S 6 ; Whately's RAiloric, Part I. di. ii. 
{ 7. The puuge does not occur in the earlier editioni of VfhMdy's 
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of difference, between the precious metals on the one band, 
and com , cpalj &c. on the other; but the important circum- 
stance to the supposed argument is, that the utilitj of gold 
and silver (as coin, which is far the chief) dtptndi at their 
•value, which is regulated by their scarcity; or rather, to 
speak strictly, by the difficulty of obtaioing them; whereas, 
if com and coal were ten times as abundant (i, e. more easily 
obtained), a bushel of either would still be as useful as now. 
But if it were twice as easy to procure gold as it is, a sove- 
reign would be twice as large ; if only half as easy, it would 
be of the size of a half-sovereign, and this (besides the trifling 
circumstance of the cheapness or deamess of gold ornaments) 
would be all the difference. The analogy, therefore, fails in 
the point essential to the argument.' 

Respect for antiquity is often urged by an argument 
so sweeping as to assume the fomi of a False Analogy. 
' Who are we,' it is said, ' that we should presume to | 
think that we know belter than previous generations?'! 
Now, on many matters of fact, there can be no question 
that the belief of previous ge'nerations, when properly 
examined and sifted, must be accepted as final, inasmuch 
as they were contemporary, or nearly contemporary, 
with the original sources of information. To infer from 
this just and limited deference the necessity of an iindis- 
criminating submission to the opinions of our ancestors, 
would be an instance of the fallacy of Inductio per 
Enumerationem Simplicem. But this, at least in many 
cases, seems not lo be the nature of the argument, which 
appears rather to proceed on some such grounds as 
these ; we reverence the opinions of the agedj^because 
they have had more experience than wc have had, and 
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therefore, surely, on the same principle, we ought to 
accept the opinions of our ancestors, who lived i n bygone 
f-pnerations. The point of resemblance is the fact of 
having been born at a period prior to ourselves, and 
hence it is inferred that the greater experience and the 
greater wisdom which are found to be concomitants of 
this fact in the case of many of our senior contemporaries 
may also be presumed in the case of those who have 
long since been dead. It, of course, escapes the notice 



of those who have recourse to this argument, that the 
average age of the persons living at any one time is 
about the same as that of those living at any other, and 

fthat superior wisdom is the consequence not of priority 
of birth but of greater experience- Thus 6ir, the fallacy 
may be regarded as one of False Analogy, strictly so 
called. But there is another consideration which turns 
jthe edge of the argument. Experience grows with time, 
[each generation not only inheriting the accumulated 
[experience of previous generations, but adding to the 
istock its own acquisitions. 'Recte enim,* says Bacon ^, 

" Navam OrgOHum, Lib, I. Aph. ]xxxiv. In the fint edition of this 
work I laggMled that the reference might possibly be to JEicbjlm, 
Prometheus Vinetni, I. 98 1 ; .i^' Ik&SoOjhi trit9' S -pipiaiauy xp^vos, 
Tluough the couitet; of tbe Rev. E. Manball, I am nov enabled to 
EDpptf the true reference, which it to Aulas Qelliot, Noclts Attiea, Lib. 
XII. rap. 11:' Alins quidam veterum poetirum, cnjui nomen mihi none 
memoriie non at, Terilatem lemparii Eliam esie dixit.' It hu also been 
pointed out to me tbit ' Veritas temporis filia ' i> the If gend on the groat* 
of Queen Miry, which were doubtless in use in Bacon's time. The 
following sentences occur in the same Aphorism of the Nmum Organum ; 
' De antiqnitate aulem opinio, quam hominet de ipsa foTent, aegligem 
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'Veritas temporis filia dicitur, non auctoritatis.' 'Anti- 
quiias ssecnli juventus mundi".' 

omnino est, et vix verba ipsi congrna. Mnndi enim (enium ct grandse- 
vilai pro Miliquilate rere habenda sunt ; qua leniparibiu nottrii (ribui 
debent, noa junioti xlati nuindi, qoalii apud intiquoi fait. Ilia enim 
xtai, icspecta Dostri, aotiqna el majoi; respectn mandj ipiini, nora et 
minor fnit. Atqoe rtvera qutmadroodum majorem rernm hnmanarum 
DOtillain, et matarim judiciam, ab hoiiiine leae expectamus, quam a 
joTene, propter expeiientiam, et rerum, quas vidit, et aodiiit, et cogi- 
tavit, varietatem et copum; eodem raodo et a nostra «late (li rirei 
was noesel, et eiperiri et intendere vcUet) majora mnlto quam a priscii 
lemporibn! eipectari par est; utpote letate mundi grandiore, et infioitii 
experimenlis et obserrationibni aucta et cumulata.' Bentham in bit 
Booi of Fallades,Panl. eh. »., and Sydney Smith in his review of that 
work [Ediahurgh Review, No. Iiiiiv, reprinted in h!i Collected Worki), 
haie tome rerj apposite and amuiing remarks on thii subject. 

" De Augmtntis Scimliamm, Lib. 1, Dr. Whawell in his PkUosopky 
of Discovery (chap. liii. { 4) appears to think that this celebrated Apho- 
rism may be traced to Giordano Bruno. ' It is worthy of remark that 
a thought which is often quoted from Francis Bacon, occurs in Bmno'i 
Cena di Centre, published in 1584; I mean, the notion that the later 
times ate more aged than the earlier. In the coarse of the diilogne, the 
Pedant, who it one of the ialerloculors, says, " In antiquity is wisdom;" 
to which the Philosophical Character replies, "If you knew what yon 
were talking about, yon would see that your principle leads to the 
opposite result of that which you wish to infer ; — I mean, that iw are 
older, and have lired longer, than our predecessors." He then proceeds 
to apply this thought, by tracing the course of astronomy through the 
earlier astronomers up to Copernicus,' See Wagner's edition of Gioriiana 
Bnno'i Woris, vol. i. p. 13a. In the original the passage runs thus; — 
' Pmdtnzio. Sii come la si vuole, io non voglio dlscostarmi dal pater 
de gli antichi; per che dice ii saggio: Ne I'aaliqnit^ k la sapienia. 
Tiofita. E loggiange: In molti luni la prndensa. Se voi intendesle 
bene qnel che dite, vedteste, che dal vostro londamento s' inferisce il 
contrario di quel che pensile; voglio dite, che rtoi siamo pib vecchi et 
abbiamo piii luaga eti, che i noitii predeceisori.' Mr. Spedding, how- 
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Bishop Wilkins' Discrruery of a New -World contains 
the following curious extract, translated from ihe work 
of Cardinal Nicofc de Cusa De doetd Ignorantid'" : 

' We may conjecture the inhabitants of the sun are like to 
the nature of that planet, more clear and bright, more intel- 
lectual than those in the moon where they are nearer to the 
nature of that duller planet, and those of the earth being 
; gross and material than either, so that these intellectual 
natures in the sun are more form than matter, those in the 
earth more matter than form, and those in the moon betwixt 
both. This we may guess from the fiery influence of the sun, 
the watery and aerous influence of the moon, so also the 
material heaviness of the earth. In some such manner like- 
wise b it with the regions of the other stars; for we con- 
jecture that none of them are without inhabitants, but that 
there are so many particular worlds and parts of this one 
universe, as there are stars, which are innumerable, unless 
it be to Him who created all things in number.' 

The analogy in this case is founded not, as in the 
previous instances, on points of resemblance but on 
points of dissimilarity. The sun, the moon, and the 
earth are formed of different materials, and, therefore, 
it is argued, their inhabitants differ in their intellectual 
I capacities, the esaltation of intelligence rising in pro- 
! portion to the 'clearness and brightness' of the globe 

evci. in hi> edition of Bacon, qaeitioni whether Bacon iatended the 
iphociini as a quotation, and thinki it probable that be did not derive it 
Siom any eailierwiiter, — See Ellit and Spedding's edition of Bacon, vol. i. 
P- 4S8. n. 4. 

" Wilkins' Diuovery of a A'w World in Ihe Af*an. p. I iS j Cuunnt, 
Di dotli IgKOrantia, Lib. II. cb. xa. 
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which they inhabit. Waiving the assumptions as to the 
materials of which the three bodies are composed and 
the habitation of them all by intelligent beings, it is 
plain that there is no presumption in favour of the 



theory that the intelligence of the inhabitants stands in 



any relation to the material of the globe on which they 



live; b y parity of reasoning, birds ought to be far more 
intelligent than men. 

The following passage from Bacon's Novum. Organum'* 
furnishes a remarkable example of a combination of 
Confusion of , Langna^ with False Analogy: 'Sed 
temporibus insequentibiis, ex inundatione Barbarorum in 
imperinm Romanuip, postquam doctrina humana velut 
'- nau&agium perpessa esset; turn demum philosophise 
Aristotelis et Flatonis, tanquam tabulae ex materia leviore 
et minus solida, per itluctus temporum servatae sunt.' 
The student may exercise his sagacity in assigning its 
due share to each source of deception. 

The arguments for or against the independence of t 
colonies will often be found to rest on a False Analogy. | 
Sometimes it is sfud that, under no circumstances, ought 
a colony to rebel against the authority of the mother- 
country ; at other times, that, the colony having come to 
maturity, the time for its emancipation has arrived. In 
each of these cases the argument is suggested by the 
term ' p potber-ctj i fnirv.' Now the relations of the child 
to the parent are mainly determined by natural affection, 
by early associations, by gratitude for favours received, 
't Lib. I. Aph. Ixxrii. 
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and frequently by the fact that, while the child is gra- 
dually approaching to the prime of life, the parent 
is gradually receding from it Similar circumstances, 
though to a far weaker degree, may undoubtedly de- 
tennine the relations of a colony to its ' mother- country,' 
as, for instance, sympathy of race, the associations of 
many of the colonists with their early home, gratitude 
for assistance received at the foundation of the colony 
OT during the earlier years of its existence, the growing 
prosperity of the colony or the waning power of the 
mother-country.' But, in addition to the fact that there 
are many cases in which these circumstances or some 
of them do not esist, or in which they exist only to 
the slightest extent, it must be plain, on reflexion, that 
the justice or injustice, the expediency or inexpediency, 
of separation from the mother-country or of repudia- 
tion by it must oflen he settled by considerations totally 
distinct from these, and such as receive no elucidation 
whatever from the relations between parent and child, 
{ The illusion, originating in a false analogy, th^ every 
community must, like every individual man, pass through 
the three stages of growth, vigour, and decay, is thus 
exposed by Sir G. C. Lewis " : 

^ Methods of Observattoa end Rfosoning m Politics, Tid. ii. p. 438. 
The Rev. E. H. Huucll has poiated out lo me a striking passage in 
Burke's ' Letters on a Regicide Peace,' in which Sir G. C. Lewis' notun 
of this fiiUacj is apticipated : ' I am not quite of the mind of tbote 
specolaton wbo leem aiuiied that necesiarily, and b; the constitution of 
-thiagi, all states have tbe same periods of infancy, manhood, and de- 
creintude, that are found in the iodividuals wlw compose them. ParaUell 
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' From what has been already said, it follows that the com- 
parison which is sometimes instituted between the progress 
of 3 community and the life of a man fails in essentials, and is 
therefore misleading. Both a man and a community, indeed, 
advance from small beginnings to a state of maturity; but a 
man has an allotted term of life, and a culminating point from 
which he descends ; whereas a community has no limited 
course to run ; it has no necessary period of decline and 
decay, similar to the old age of a man; its national 
does not necessarily cease within a certain time. Nations, 
compared with other nations, have periods of prosperity and 
power ; but even these periods often ebb and flow, and when 
a civilised nation loses its pre-eminence — as Italy in the nine- 
teenth, as compared with Italy in the fourteenth and six- 
teenth centuries — it does not necessarily lose its civilisation. 
A political community is renewed by the perpetual succession! 
of its members; new births, immigrations, and new adoptions! 
of citizens, keep the political body in a state of continuous] 
youth. No such process as this takes place in an individual! 
man. If he loses a limb, it is not replaced by a fresh growth, p 
The effects of disease are but partially repaired; all the 
bodily and mental functions are gradually enfeebled, as life 
is prolonged, till at last decay inevitably ends in death ; 
whereas a community might, consistently with the laws of 

of this tort laihei fuinish (imilitudes to illustrate or to adorn, thaa supply | 
analogies from wbence lo [euoo. The objects wbich an attempted to; 
be forced into an analogy are not found in the same classes of existence, 
Individuils aiB physical beings, subject to laws universal and invatiable. 
The immediate cause acting ia these laws may be obscute : the geaeral 
tetults aie cubjecls of certain calculation. But commonweal thi aie not 
[Jipical but moral euencei. Thej are aniHcial combioations, and, in 
their proximate efficient cause, the arbitiary ptoduclioos of tbe human 
niind. We are not yet acquainted with the laws which necessarily in- 
fluence tbe stability of that kind of work made by that kiad of agent,' — 
Worts, vol. via. pp. 78, Jg. 
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human nature, have a duration co-eKtensive with that of 
mankind. 
' The supposed analogy between the existence of a pol i- 
munitj and the life of a roan s eems to have con- 
to tiie formation of the belief in a liability to 
I inherent in every society. It was a favourite 
(doctrine among some writers of the last century, that every 
Icivilised community is fated to reach a period of corruption, 
[when its healthy and natural action ceases, and it undergoes 
isome great deterioration. The notion of an inevitable stage 
of corruption in a nation was, indeed, partly suggested by the 
commonplaces condemnatory of luxury, derived both from 
the classical and ecclesiastical writers; and by the more 
modem eulogies of savage life. So far, however, as it was 
founded on the inevitable periods of decay in animal and 
vegetable life, the comptarison was delusive; for the two 
relations which are brought together do not correspond. The 
death of j]di,viduals may, indeed, be considered a necessary 
condition for the progress of the society, into which they 
enter as temporary elements. It is by the substitution of new 
intelligences, and of natures not hardened to old customs, 
for minds whose thoughts and habits have learnt to move 
uniformly in the same groove, that progressive changes in 
|humaD affairs are effected. The decay and death of the indi- 
'vidual, therefore, tends not only to prevent the deterioration 
lof the society, but to promote its improvement.' 

Ancient medicine was full of false analogies. I select 
the following examples from Dr. Paris '• : 

' An example of reasoning by false analogy is presented 
to us by Paracelsus, in his work lie -vita hngd, wherein, 
speaking of antimony, he exclaims, " Sicut antimonium finjt 

" Pharmaeologia, p. 64. 

Dr., :.GoOglc 
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aurum, sic, eSdem rattone et forma, corpus humanum purum 
reddit.'" 

The alchemists, or some of them, appear to have 
imagined that the same preparation by which they hoped 
to convert the iaser metals into gold (called metaphori- 
cally 'the healthy roan') would also be effective in re- 
moving the sources of all bodily diseases. Why should 
not the impurities of the human body be removable by 
the same means as the impurities of the metals? 

' They [that is, the Arabian physicians] conceived that gold 
was the metallic element in a state of perfect purity, and that 
all the other metals differed from it in proportion only to the 
entent of their individual contamination ; and hence the origin 
of the epithet l/aie. as applied to such metals. This hypothesis 
explains the origin of alchemy; but in every history wi 
informed that the earlier alchemists expected, by the same 
means that they hoped to convert the baser metals into gold, 
to produce an universal remedy, calculated to prolong in- 
definitely the span of human existence. 

' It is diflicult to imagine what connexion could exist in 
their ideas between the " Phitast^her'4 Stone," which was to 
transmute metals, and a remedy which could arrest the pro- 
gress of bodily infirmity : upon searching, however, into the 
writings of these times, it appears probable that this conceit 
may have originated with the alchemists from the applica- 
tion of false analogies, and that the error was subsequently 
diftused and exaggerated by a misconstruction of alchemical 

The old maxim that 'Nature abhors a vacuum,' the 

curious belief, still prevalent even amongst persons of 

intelligence, that the weather chaises with the 'changes' 

z 

Dr., ;X.OOglC 
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of the moon, the once fashionable doctrine of the ' Social 
Contract ' or ' Original Compact,' the explanation of 
moral and physical facts by applying to them the con- 
ceptions of 'perfect numbers' and 'regular solids",' the 
Pythagorean theory of the Harmony of the Spheres, the 
Aristotelian doctrine of the Mean, and innumerable 
other instances with which the student wiC meet in his 
reading, will abundantly illustrate the nature of False 
Analogy and its frequency in the reasoning of early 
speculators. 

The Ariipmicnt from Final Causes^ , at least fliat 

" On this subject the reider will find tome very curious informalion 
inMill'tLofi'i;. Bk.V,ch,». 56, and ViheiitWi Hislory of Ike Inductive 

ScMBws, Bk. rv. ch. iii. 5 J. 

" 'Tam Ttro, »d ulterior* tendens [intellectus humanus], ad proiimiora 
recidit, videlicet id caasis finale!, quz lunt plane ei natura horoinis, 
potius quam universi: Mqae ex hoc fonte philosophiam miris modii 
comiperont." — Bamn, Nov. Org. Lib. I. Aph. xlriii. To prevent mu- 
conception. 1 may itate that I am far from denjing that the Argument 
from Final Causes, if it take sufficient account of the evolutian of oc- 
lOU and their power of adapting themielies to external circum- 
:ei. and if it be based on the contemplation of Natuie as a whole, 
id of on that of individual objects, may admit of being stated 
ich a form as 10 occupy once more' an important position in any 
ne of Natural Theotogj. Beating in mind these qaaliiications, it 
i may be peifectly legitimate to speak, with reference to the universe at 
; large, of design and a designer, whatever miy have been the agency, 
1 and however mysterious and prolonged the process, hy which an intel- 
, ligeot Creator may have worked. Theories of evolution may be so 
■ staled as not to impair, but indefinitely to eialt, our ideas of the power, 
j wisdom, and benevolence of the Being in whom Nature had its source. 
I The itudent will find a very temperate statement of the prevalent 
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extreme form of it which assumes that every natural 
organism was specially designed to subserve some special 
object, and fashioned, once for all, in immediate reference 



to t hat Qt^ject, appears ultimately to repose on a False 
Analogy. God or Nature (for both terms are used) is 
assimilated to a human artificer, and the argument ap- 
pears to rest on the assumption that the motives, con- 
ceptions, and contrivances of the one may be regarded 
as similar to those of the other. ' Nature does nothing 
in vain.' ' Nature always acts for the besL' 'Everything 
is designed for some good purpose.' These and similar 
maxims express the general principle on which the 
argument rests. Of its application to special cases we 
may take the following examples. 

The instances given by Bacon, in the Advancemeni of 
Learning and the De Augmeniis''i, when protesting against 

theory, together with much merul information on the liletiture of Ihe 
subject, in Dr. Adind's Haniiiaa Oration for igfij. On ihe other side 
he may, with most advintage, consult the works of Mr. Herbert Spencer 
and Mr. Darwin. I have discussed the subject, with special reference to 
the views of Bacon, in the Introduction to my edition of Ihe Novum 
Organum, J lO. 

" Advancemeni of Learning, Bk. II. (Ellis and Spedding's edition, 
vol. iii. p. 358). Cp. Dt Augmenlis, Hi. 4. It sliould be noticed, how- 
ever, that Bacon allows the use ofFinil Causes in what he calls 'Meta- 
physic' Of the foregoing initances, ' and the like,' he lays that they 
are 'well enquired and collected in Metaphysic; but in Physic they ace 
impertinent.' And again ; ' Not because these final causes are not true, 
and worthy to be enquired, being kept within their own province; but 
because their excursions into the limits of physical causes hath bred a 
vastneii and solitude in that track.' What Bacon appears to mean (»nd 
the distinction is important) is that we may argue, in Theology, or Meta- 
Z 2 
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the employment of Final Causes in phTsical . enquiries, 
are the followiDg : ' The hairs of the eye-lids are for a. 
quickset and fence about the sight; the finnness of the 
skins and hides of living creatures is to defend them 
from the extremities of heat or cold; the bones are for 
the columns or beams, whereupon the frames of the 
bodies of living creatures are built ; the leaves of trees 
are for protecting of the fruit ; the clouds are for water- 
ing of the earth ; the solidness of the earth is for the 
station and mansion of living creatures.' 

The absurd extent to which the argument may be 
carried by speculators who attempt to find a Final 
Cause for every phenomenon which falls under their 
cognisance, will be plain from the examples which follow. 
It would, however, be unjust to charge these absurdities 
to the account of those writers of the past generation 
who took a more sober, though, perhaps, an erroneous, 
view of the argument. 

phytici. from an aicenained case of adiptition to tbe wiidom or good- 
Dec of the Cieator, bnc that we ate not justified in assuming adaptation 
jor design as a datum in physicaE investigation. Those who defend this 
|use of the argument, would teply thai nunf discoreries (such as, notably, 
Hairey's discovery of the circulation of the blood, which set out from 
obseiving the action of the valves in the veins of many pails of the body, 
and enquiring Into their purpose) hare been suggested by the idea at 
adaptation (which, it may be noticed, does not necessarily include the 
idea of design). See Acland's Hanetan Oration, and Dugald Stewart's 
Philoaophy oflht Human Mind, Part II. ch. li. (Sir W. Hamilton's edition 
of Stewart's Works, vol. iii. p. 335, &c) This fact may be, and, indeed, 
most be, admitted with respect to physiological enquiries (however the 
adaptation may be accounted for), and hence Bacon't piohibition u 
certainly too absolute. 
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In the TimtEui of Plato "•, the construction of the whole 
universe, and specially of man, is explained on the 
principle of Final Causes. The following extract from 
Mr. Grote's Plalo^^ will serve as a specimen of the 
method there employed; 

' The Demiurgus, having constructed the entire Kosmos, 
together with the generated Gods, as well as Necessity would 
permit — imposed upon these Gods the task of constructing 
Man : the second-best of the four varieties of aiiimals whom 
he considered it necessary to include in the Kosmos. He 
furnished to them as a basis an immortat rational soul (di- 
luted remuant from the soul of the Kosmos) ; with which 
they were directed to combine two mortal souls and a bod7. 
They executed their tast as well as the conditions of the pro- 
blem admitted. They were obliged to include in the mortal 
souls pleasure and pain, audacity and fear, anger, hope, appe- 
tite, sensation, &c., with all the concomitant mischiefs. By 
such uncongenial adjuncts the immortal rational soul was 
unavoidably defiled. The constructing Gods, however, took 
care to defile it as little as possible. They reserved the head 
as a separate abode for the immortal soul ; planting the 
mortal soul apart from it in the trunk, and establishing the 
neck as an isthmus of separation between the two. Again 
the mortal soul was itself not single but double ; including 
two divisions, a better and a worse. The Gods kept the two 
parts separate; placing the better portion in the thoracic 
cavity nearer to the head, and the worse portion lower down, 
in the abdominal cavity: the two being divided from each 
other by the diaphragm, built across the body as a wall of 
partition ; just, as in a dwelling-house, the apartments of the 

•• Of Plato, Bacon sayi truly, that he ' ever anchorelh on [hat thore.' 
" Vol. in. j^. 373-375. 
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women are separated from those of the men. Above the 
diaphragm and near to the neck, was planted the energetic, 
courageous, contentious soul ; so placed as to receive orders 
easily from the head, and to aid the rational soul in keeping 
under constraint the mutinous soul of appetite which was 
planted below the diaphragm. The immortal soul was fas- 
tened or anchored in the brain, the two mortal souls in the 
line of the spinal marrow continuous with the brain : which 
line thus formed the thread of connexion between the three. 
The heart was established as an outer fortress for the exer- 
cise of influence by the immortal soul over the other two. 
It was at the same time" made the initial point of the veins, 
— the fountain from whence the current of blood proceeded 
to pass forcibly through the veins round to alt parts of the 
body. The purpose of this arrangement is that, when the 
rational soul denounces some proceeding as wrong (either 
on the part of others without, or in the apjwtitive soul 
within), it may stimulate an ebullition of anger in the heart, 
and may transmit from thence its exhortations and threats 
through the many small blood channels to all the sensitive 
parts of the body ; which may thus be rendered obedient 
everywhere to the orders of our better nature. 

' In such ebullitions of anger, as well as in moments of 
imminent danger, the heart leaps violently, becoming over- 
heated and distended by excess of fire. The Gods foresaw 
this, and provided a safeguard against it by placing the lungs 
close at hand with the windpipe and trachea. The lungs 
were constructed soft and full of internal pores and cavities 
like a sponge ; without any blood, — but receiving, instead 
of blood, both the air inspired through the trachea, and the 
water swallowed to quench thirst. Being thus always cool, 
and soft like a cushion, the lungs received and deadened the 
violent beating and leaping of the heart; at the same time 
that they cooled down its excessive heat, and rendered it 
a more equable minister for the orders of reason. 
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'The third or lowest sbul, of appetite and nutritioni was 
placed between the diaphragm and the navel. This region 
of the body was set apart like a manger for containing neces- 
sary food ; and the appetitive soul was tied up to it like a wild 
beast; indispensable indeed for the continuance of the race, 
yet a troublesome adjunct, and therefore placed afar olf, in 
order that its bellowings might disturb as little as possible 
the deliberations of the rational soul in the cranium for 
the good of the whole. The, Gods knew that this apj>e- 
titive soul would never listen to reason, and that it must 
be kept under subjection altogether by the influence of 
phantoms and imagery. They provided an agency for this 
purpose in the liver, which they placed close upon the abode 
of the appetitive soul. They made the liver compact, smooth, 
and brilliant, like a mirror reflecting images : — moreover, 
both sweet and bitter on occasions. The thoughts of the 
rational soul were thus brought within view of the appetitive 
soul, in the form of phantoms or images exhibited on the 
mirror of the liver. When the rational soul is displeased, 
not only images corresponding to this feeling are impressed, 
but the bitter properties of the liver are all called forth. It 
becomes crumbled, discoloured, dark, and rough ; the gall 
bladder is compressed ; 'the veins carrying the blood are 
blocked up, and pain as well as sickness arise. On the con- 
trary, when the rational soul is satisfied, so as to send forth 
mild and complacent inspirations,— all this bitterness of the 
liver is tranquillised, and all its native sweetness called forth. 
The whole structure becomes straight and smooth; and the 
images impressed upon it are rendered propitious. It is 
thus through the liver, and by means of these images, that 
the rational soul maintains its ascendancy over the appeti- 
tive soul ; either to terrify and subdue, or to comfort and 
encourage it. 

'Moreover, the liver was made to serve another purpose. 
It was selected as the seat of the prophetic agency; which 
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the Gods considered to be indispensable, as a refiige and aid 
for the irrational department of man. Though this portion 
of the soul had no concern with sens^ or reason, they would 
not shut it out altogether from some glimpse of truth. The 
rerelations of prophecy were accordingly signified on the 
liver, for the instruction and within the easy view of the 
appetitive soul ; and chiefly at periods when the functions of 
the rational sout are suspended — either during sleep, or 
disease, or fits of temporarj; extasy. For no man in his 
perfect senses comes under the influence of a genuine pro- 
phetic inspiration. Sense and intelligence are often required 
to interpret prophecies, and to determine what is meant by 
dreams or agns or prognostics of other kinds, hut such reve- 
lations are received by men destitute of sense. To receive 
them, is the business of one class of men : to interpret them, 
that of another. It is a grave mistake, thou^ often com- 
mitted, to confound the two. It was in order to furnish 
prophecy to man, therefore, that the Gods devised both the 
structure and the place of the liver. During life, the pro- 
phetic indications are clearly marked upon it: but after death 
they become obscure and hard to decypher. 

'The spleen was placed near the liver, correq>onding to 
it on the left side, in order to take off from it any impure or 
excessive accretions or accumulations, and thus to preserve it 
clean and pure.' 

Aristotle constantly employs this method of reasoning. 

Thus, in a familiar passage of the Ethics'*, he says 
I that ' if it is better for men to attain happiness through 

their own exertions than through chance, it is reason- 
; able to suppose that this will be the case, since every- 

" E&. Nit. i, g (5). EI 8" iiMv oStbi eiknor 1) Sti TuxT* (^S*- 
ItoviTy, ({r\07ai- Ix'" oBrat, tlrtp rd icari <p£aiv, in oUv T( niXAiora 
Ixcif, oGtw wiifittKty. 
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thing that depends on Nature^ is in the best possible! 
condition.' I 

From his physiological works (in which the argument 
is most commonly employed) it will be sufficient to ad- 
duce one or two examples, which will serve also to show 
how a preconceived opinion may lead an author to invent 
false facts for the purpose of supporting his theory. 

Having fixed the seat of sensation in the heart, in- 
asmuch as it is in the centre of the body, rather than 
in the brain, as some philosophers had done, it was 
necessary to discover a special function for the ^i^in. 
The necessity of discovering some function for it led 
to the fiction of its ' coldness.' which was supposed to 
counteract the heat of the heart, and so to preserve 
the body ' in a mean state **,' On this account, he sup- 
posed, all animals which have blood are furnished with 

" The itudeat will noltce the transition from the Demiurgui and 
inTeiiDT godi of Plato to the ' Nature ' of Ariitotle. ' Aod in thii,' layi 
Bacon, ' Ariitotle is more to be blamed than Ralo, teeing that he left 
out the fouatain of £nal causes, tiamely God, and luhttitutcd Nature for 
God ; and took in final causes themselves rather as the lover of logic 
than of theology.' — Tht Dignity and Advanctmtnl ofLtarmng (Trans- 
lation of the De Augmentis), Bk. III. ch. iv. (ElHt and Spedding's Edition, 
TOl. iT. p. 3S4). 

" Compare the exiraordinai]' lincy (De Paries Aiumalivm, iii. 4) 
that the reason why the heart, in man, ioclinei ilightlj tovards the kft 
tide ii that it may temper tbe greater coldness of that side {tpis rh 

AvitJOVV T^ KaTWpV^lV tSiV ipiOTip&V' /idXKTTQ "^p T&V (I\AaV Cv*^ 

Sr$piirwot Ix" tatti^vyi'ii'a tA ipiUTtpi). It ii needleti to observe 
that the left side of man is not colder than the right ; the &ct is simply 
Biiumed in order to account for the position of the heart in a manner 
conformable to Ariitolle'a theories. 
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a brain, while bloodless animals, having little heat, re- 
quire nothing to cool them, and are, therefore, without 
one. Moreover, in order to temper the coldness of the 
brain, blood is conveyed to the membrane which en- 
velopes it by means of veins or channels. But, again, 
lest the heat so conveyed should injure the brain, the 
veins, instead of being large and few, are small and 
many, and the blood conveyed, instead of being copious 
and thick, is thin and pure *". 

'The viscera are formed out of the blood, and therefore 
are only found in sanguineous animals, which necessarily have 
a heart: for it is clear that, having blood, which is a fluid, 
they must have a vessel to contain it, and hence also Nature 
has created veins ; and for these veins the origin must neces- 
sarily be one, since one, whenever possible, is better than 
many. The heart is the origin of the veins: this is seen in 
the fact that they spring from it, and do not go through it ; 
also they resemble it in structure. The heart has the chief 
position, namely, that of the centre, but more upwards than 
downwards, and rather in front than behind : for Nature is 
accustomed to seat the noblest in the noblest place, unless 
any stronger reason prevails ; ov fift ti Ktikiii (Hifoc".' 

The work of Bishop Wilkins, already quoted, furnishes 
some curious examples of the arguments which, even 
within the last two hundred years, have found favour with 
men distinguished for their scientific attainments". 

" Di Parlibus Aaimalium, ii. J. C^. Lewea' Arislalle, 5 164. p. 180. 
" De Fartibus Animalium, iii. 4. I here quota Mr. Lewec' Eummicy, 
given in § 395, p. 310, of his ArhlolU. 

" Bishop Wilkins wis one of the founders of the Royal Society, and 
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' Though there are some who think mountains to be a 
deformity to the earth, as if they were either beat up by the 
flood, or else cast up like so many heaps of rubbish left at the 
Creation ; yet, if well considered, they will be found as much 
to conduce to the beauty and conveniency of the universe, as 
any of the other parts. Nature (saith Pliny) purposely framed 
them for many excellent uses ; partly to tame the violence of 
greater rivers, to strengthen certain joints within the veins 
and bowels of the earth, to break the force of the sea's inun- 
dation, and for the safety of the earth's inhabitants, whether 

' I have now sufficiently proved that there are hills in the 
moon, and hence it may seem likely that there is also a 
world ; for since Providence hath some special end in all 
its works, certainly then these mountains were not pro- 
duced in vain ; and what more probable meaning can we 
conceive there should be, than to make that place convenient 
for habitation *°?' 

'It liath been before conlirmed that there was a sphere of 
thick vaporous air encompassing the moon, as the first and 
second regions do this earth. I have now showed that thence 
such exhalations may proceed as do produce the comel-s. 
Now from hence it may probably follow that there may be 
wind also and rain, with such other meteors as are common 
amongst us. This consequence is so dependent that Fro- 
mondus dares not deny it, though he would (as he confesses 
himself), for, if the sun be able to exhale from them such 
fumes as may cause comets, why not such as may cause 
winds, why not then such also as may cause rain, since I have 
above showed that there is sea and land, as with us? Now 
rain seems to be more especially requisite for them, since it 
may allay the heat and scorchings of the sun, when he is over 

" A Discovery of a Nru WoHd in iht Moon, p. 77, 
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their heads. And Nature hath thus provided for those in 
Peru, vith the other inhabitants under the line ".' 

One of the most whimsical applications of the Argu- 
ment from Final Causes is to be found in the ' Doctrine 
of Signatures,' of which Dr. Paris thus speaks". 

' But the most absurd and preposterous hypothesis that has 
disgraced the annals of medicine, and bestowed medicinal 
reputation upon substances of no intrin^c worth, is that of 
the " DocTRiME OF Signatures, " as it has been called, which 
is no iess than a belief that every natural siibitance, 'wbicb 
posJeiieJ any medicinal lArtuet, indicates, by an obvioul and well- 
marked external character, the disease/or 'wbich it is a rrmedji, 
or the object for ivhieb it should be employed. This extra- 
ordinary monster of the fancy has been principally adopted 
and cherished by Paracelsus, Baptista Porta, and Crollius, 
although traces of its existence may certainly be discovered 
in very ancient authors. 

' The conceit, however, did not assume the importance of 
a theory until the end of the fourteenth century, at which 
period we find several authors engaged in the support of its 
truth, and it will not be unamusing to offer a specimen of 
their sophistry ; they affirm that, since man is the lord of 
;reation, all other creatures are designed for his use, and 
ther^ore that their beneficial qualities and excellences must 
be expressed by such characters as can be seen and under- 
stood by every one ; and as man discovers his reason by 
speech, and brutes their sensations by various sounds, motions, 
and gestures, so the vast variety and diversity of figures, 
colours, and consistencies, observable in inanimate creatures, 

* A DUeovery <ifa Nete World in tin Moon, p. I3I. 
" Pharmacologia, pp. 47-50. 
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is certainly designed for some vise purpose. It muit be, in 
order to manifest those peculiar properties and excellences, 
which could not be so effectually done in any other way, 
not even by speech, since no language is universal. Thus, 
the lungs of a fox miul be a specilic for asthma, because that 
animal is remarkable for its strong powers of respiration. 
TurmerUi has a brilliant yellow coluur, which indicates that 
it has the power of curing jaundice ; by the same rule, Fopfiet 
must relieve diseases of the head ; . . . . and the Eufbraiia 
(eye-bright) acquired fame as an application in complaints of 
the' eye, because it exhibits a black spot in its corolla resem- 
bling the pupil. In the curious wo k of Cbryiottom Magnmus 
(Exercit, de Tabaco), we meet with a whimsical account of 
the ilgnature of tobacco. " In the first place," says he, " the 
manner in which the flowers adhere to the head of the plant 
indicates the infundibulum cerebri, and pituitary gland ; in the 
next place, the three membranes, of which its leaves are com- 
posed, announce their value to the stomach, which has three 
membranes." 

' The blood-stone, the heUotropium of the ancients, from 
the occasional small specks or points of a blood-red colour 
exhibited on its green surface, is even at this day employed 
in many parts of England and Scotland to stop a bleeding 
from the nose ; and nettle-tea continues a popular remedy 
for«, 



' It is also asserted that some substances bear the signa- 
tures of the humours, as the petals of the red rose that of 
the blood, and the roots of rhubarb, and the (lowers of saffron , 
that of the bile. 

' I apprehend that John of Gaddesden, in the fourteenth 
century, celebrated by Chaucer, must have been directed by 
some remote analogy of this kind, when he ordered the son 
of Edward I., who was dangerously ill with the small-pos, 

Dr., ;X.OOglC 
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to be wrapped in scarlet cloth, as well as all those who 
attended upon him, or came into his presence; and even the 
bed and room in which he was laid were covered with the 
same drapery ; and so completely did it answer, say the 
credulous historians of that day, that the prince was cured 
without having so much as a single mark left upon him.' 

In these and similar instances, which might be multi- 
plied to almost any extent JJ, it is plain that much is 
gained by the employment of the vague word Nature. 
Presuming that the majority of at least the more modem 
writers who have employed the Argument from Final 
Causes, if pressed to attach a definite meaning to the 
word Nature, would reply that they regard it, in this 
connexion, as only another name for God, the argument, 
as employed in the above and similar examples (I am 
not here discussing the more refined employment of it), 
seems to rest on the three following assumptions: — 

(i) That God [or Nature] acts, not by laws, governing 
th e evolution of natural objects , but after the manner of 
n human artificer, having in view some special end in the 
production of each object and of each separate part 
af it. 

(a) That all objects are designed for the good of man, 
Dr, at least, of sentient or intelligent beings. 

" Tbefonowing example (taken from P]alMch,DiStaieorvniRijmg- 
naatiis, p. 1041, by Mr. Lecty, in his Hislory of European Morals, fimm 
Augustus la Charlemagttt, Yol, ii. p. 174, note j) a perhip* unsurpisied 
.in ibEuntity: 'Chrysippus maintained Ihit cock-Gghting was the final 
cause of cocki, lb«e birds being made by Providence in order to inspire 
ui by the example of their courage.' 
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(3) That we are so well acquainted with what is, on 
the whole, good for ourselves, or others, or the world 
at large, as well as with the general plan of the universe, 
that we are able, in each case, to pronounce positively 
on the ends which God [or Nature] proposed to himself 

Of these three assumptions, the first and second are, 
as I conceive, based on false analogies, the first trans- 
ferring to God [or Nature] the habit, observed in the 

" The ' principle ' laid down by DesrartM (De Priacipih PMlosopkitt, 
i. a8) supplies an appropriate comrnentary on [his aisumplion; ' Ita 
denique nullas unquam raliones girca res naturilet a fine, quem Deus 

nobis debemus artogare, u( ejus consiiioruni participes nos esse putemus.' 
It it interesting to compare the following extracts from Galileo's 
Symma Casimcum, Dial. Ill, (Sit Thomas Salusbury's translation, 
PP- 333- 334) :— 

'Salt. Methinki we arrogate too much to our selTci,5i*mpIici*m, whilst 
ve will hare it that the onely caie of us is the adequate work, and 
bound, beyond which the Divine Wisdome and Power doth, or disposeth 
of nothing. .... If -one should tell me that an immense space 
interposed between the Orbs of the Planets and the Scarry Sphere, 
deprived of stars and idle, would be vain and useleste, as likewise that so 
great an immensity for receipt of the fixed stars as exceeds our utmost 
comprehension would be superfluous, I would reply that it is rashneste to 
go about to make our shallow reason jndg of the Works of God, and \o 
call vain and superfluous whatsoever thing in the Univetsa is not sub- 

'. Sjtoit. Say rather, and I believe you would say better, that we know 
not what ii EnbsetvienI to us; and I hold il one of the greatest vanities, 
yea follies, that can be In the World, to say, because 1 know not of what 
nse Japiler or Salurn ate to me, that therefore these Planets are super- 
Buous, yea more, that there are no such things in renim nahira.' 



:. Google 



35s FALLACIES INCIDENT TO INDUCTION. 

human artificer, of producing each object with reference 
to some special end, and the second Che motives which 
usuaUy guide the artificer in the selection of those ends. 
The third assumption, it need hardly be added, in- 
volves a generalisation from a very narrow range of ex- 
perience to operations co-extenstve with all space and 
all time. 

Even though these various errors have been avoided, 
and the inductive process has been correctly performed, 
it is still possible, either through confusion of language, 
through mistaking the question at issue, or through 
drawing erroneous inferences in our subsequent de- 
ductions, to arrive at false conclusions. But these are 
considerations which properly appertain to the other 
branch of Logic, which is concerned with deductive 
reasoning. 
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Booratea' ZoolsBlaBtlaBl Hlatory, according to the Text of 

ENOLISa THBOIiOO?. 
Batlar's Analogr, with an Index. Svo.elo/t, 51.61/. 
BntleT*! Bermons. Svo, iloili, 51. &(, 
Hooker'a Worka, with his IMe by Walton, unmged by 

John Keble, liLA. Sixth S:iiUnt.i ttit ^t-iro. iblh.ti.iu.td. 

Hookar'B Voiks i the text as arranged by Joho Keble, H.A, 

• .oll.lST5.STO,ci«*, .«. 

PeBfaon'a Exposition of the Creed. Revised and corrected 

bj G. BunoD. D.D. strut Edaan. 1877. em, cM4, 101. ed. 
Wsterland'B Review of the Doctrine of the Eacharist, with 

m Preface by tlic Eaic BUhap of LondDB- Crown em. cM4. ckr. td. 

EiraiilSH HIBTOBT. 



i'b fE. A.) History of the Norman Conquest of 

VOL. i,uid T1. iDEftTin. TMfiiEaMmy i^. i£ tOf. 

Bosera's Histoiy of Agricnltnie and Prices in England, Ajt. 

"59— V9t„Voltt«i.dlI.l»o^4«* Bra, il7l*.l£u. 
Vok^lLud IV. iHDi-i^ Bto. fM*. iJL iiu. 
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Clannlmii |uss Scctcs. 

I. ENQUSH. 
A. First BMdinK Book. By Marie Eichens of Berlin ; and 

editol br Aimc J. Clnuih. Eil fcaiL em, riifcintn, i/i. 

Oxford Beading Book, Fart I. For Littie Children. 
Oxford Beading Book, Fart U. For Junior Classei. 

EsLfcap. Bra. iHJfccrvm,6ii. 

An Blementarr ZngllBh Orammar and Ezerolaa Book. 



Trpioal Beleations from the best English Writers, with 



A Book for BegliinerH in AngloHazon. Bj John Eaile, 
An Anglo-Saxon Primer, with Gramniar, Notes, and Glos- 
An Anglo-Saxon Beader, in Frose and Verse, with Gram- 

Fint Middle Snglish Frimar; with Grammar ajid GIos- 
The Ormalum ; with the Notes and Glossary of Dr. R. M. 

While. EililalbyR.HaU.M.A. >»oli. Eitri ftap. Svo. tiW*. iii. 

Speeimena of Early Engliah, A Nev and Revised Edi- 

tjoa. Wth InDvdnl^loii, Nolo, ud Glauulil Indei. Br K. Iili>iTl>,I.L.n.. 
Futt. From Old EtiglUti Hsmllla lo IOdk Horn (A.D. ii;a id a.d, ij»). 

ICap. Svo. clal/i, ji. til, 

Speoitnana of Engllali Literature, from th« ' Flonghniani 

Credft* to (he 'Shepburde* CelcBder' |A.D. iwi (o A.EX imd. Wllh Intro. 
diictli>ii.Ni>tes,aiidGI09»clillndu, B7 W. W. SiteU, M,A. Third EdOOn. 
ElL fc«p. «<o. c!t!lt, T. id. 

Tha VIbIoh of WUUun oonoenung Piers the Plowman, 

Chanoer. The PcioresHea "l 
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OIiAiioer. The T«le of the Hui of Ii*we) The Far- 
The Tale of Oamelyii. Edited, with Notes and s G1o3- 
Old SoBtlsli Diame. Marlowe's Tragical History of Doctor 
Harlowe. Edward II. With Notes, &c. By O. W. 
ShAkespeaTs. Hamlet. Edited b)'W.G.Clai'k,H.A„ and 

W. AIlli Wrigbt. M.A. Eltn [up. SiD. Of^ircrri, u. 

Bhskeapeare. Select Plays. Edited by W. Aldis Wright, 



ESI^i" 



iput, u. 4^. ELnff I 
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Milton. AreopaKittoft. With Introduction and Note*. By 
ICilton. BaniBon ABonlstes. Edited with latiodnction 

■nd Now by S„ha CUnrt™ CoUbu. E.,« ttap. 8,<1. ,iiffc^<,^,. ... 

Bimyon. Holy 'War. Edited by E. Venables, M.A. /a 
AddlHon. Seleottona from Papera in the Bpsotator. With 

Nula. GfT. Aiiiiild.M.A.,UiilT«lt7Call<|[i. Eitntcap. Sm.cAU^t, ti. f . 

Btirke. Foot Iiettera on the Fropoeala for Feace with 
the B«Biolde Dlreotory of France. Edued. irttii inmidactian 

Goldsmith. Deserted Village, id. 

dzarr. Selected Foema. Edited by Edmund Gosse, Cluk 

Lecturer In Engluh Licenlurv Bt ihe Ontver^iir at C«Dbr1de«. Eitn fup. 
Svo. ttiff fovm, tt. &r. [ touHd in nrhUt fi^rcMmfnt, y. 

Gray. El^y, and Ode on Eton College, id. 
Johnson. Vanity of Hnman Wishes. With Notes by E. J. 
Ksate. Hyperion, Book I. WithNotes by W.T. Arnold, 41/ 
Milton. With Notes by R. C. Browne, MjV. 

LTddai, jdl L'AllEgra, 3d. II Faucron, 4A 

C«muA, bJL SunHm A^nista, 6d. 

Famell. The Hermit, id. 
Soott. Lay of the Last Minstrel. Introduction and Canto I. 
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A S£XtES OF ESGLISH CLASSICS 

DedgMdlo meet tfaewiuiu of Student! in EpglUhLitenliii*; brth* 
late J. S. BiKwia, H.A., "Saiatat t/t XngUsli Litcntun u Kini'l 
CoUcge, London. 
I. Ctumaer. The Prologne to the CanterbniT Tale*; The 

Kninhla T Jo ; The Nomu ProtM Till Edited by R. Mimii. LI-D. 

3, SpenBer'a Faery Q,ii«eiie. Books I ind II. By G. W. 

3. Hooker. EcclesUsticai Poiitr,BookI. Edited brKW. 

4. Blukespeue. Select Plays. Edited bj W. G. Clark, 

1, AdTUHMflDt of Lewnlnf. B^Eed br W. Aldis Wri^t, Id.A, SHpiiit 

6. Milton. PocDu. Edited bjr R. C. Browne, MA. In 

Tm VoluiiE*. fMrd Siiain, BiL top. »ni.tlalli, U. CV. 
StU HfaraUlf, VoLl. 41., Vol. IL V, 

}. Dryden, Stanzni on the Death of Oliver Cromwell ; 

WW. D. ChrlatiB, u!a.j Trinltr Calle|«, 



8, Btmraii. The Pilgrim's Progresa, Grace Aboandlng;, and 

Not*a.bjE. VcnableB, M.A.,rTeceiilorof LiacDjp. EB&afcBp- Svivcfo^ Jf. 

9, Pop«. With Introduction and NotM. By Maik PattiMD, 

1. Emy en Mtm. .^uf* SdMm. EiM fup. tro. Kir»Kri, u. 6A 

10, Johnson. Select Works. Lives of Dryden and Pope, 

lt»d Ttasclu. Edired br Alfred MIlDS. B, A. (LoQiLKlali: Scholu-oT LIucBla 
College. OjifonJ. bxiza Icftp. 8vo. cAfA, 4#. «£ 

11, BuFke. Edited, with Introdnction and Notes, by E. J. 
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Bndimenta Latins; comprisiog Acddencc, and Eierdses 



A. Vint Latin Exe(oiB« Book. By the same Author. 
A Seoond Latin EieroiHO Book, Bj the same Aatboi. 
Ezaroiiiea la Latin Prose Oomposition. By G. G. Ramsay, 
Beddenda Minora, or Easy Passages, Latin and Greek, for 
AukUoo Boddanda, or Easy Extracts, Latin aod Greek, 
Faaaagea for Translation into Latin. Selected by 
First Latin Bsader. Bj T. J. Nunns, H.A. Third 
OaosBT. The Conunentajies (for 

Otooro. Selection of interesting and descriptive passages. 

WUh NmiB, B> HtiUT Wiirscd. M.A. In Three Fani. THiri EJSitn. 
BiL (Up. ere. i&Et, 41. U. Sack Part nfaraUlj. ■)< limf cUOi, 11. M, 

Oloero. Select Letters (for Schools). With Notes. By the 
Oioero. Select Orations (for SchooU). With Notes. By 

J. R. Kll«. M.A, So.»JJJtffo-. E.l.fcap.B.=.tl«*.„.6J. 

CocneUna STepoa. With Notes, by Oscar Browning, M.A. 
LiTj. Ssleotiona (for Schools). With Notes and Maps. 
Livy. Books V— VII. By A. r! Clnei, BjV. Extra fcap.' 
Ovid. Selections for thense of Schools. With Introduc- 
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CfttnlU VeiononaU Zilber. Itenim recognovit, appnnittim 

critkniD (mleBaneu uppiiidica iddldtt, KdUhhio EUii. A.M. »va. cltlH, i«>. 

OatnlloB. A Ooxaxasaiaxj on Catnlliu, 3j Robinson 
Ontulli VeronsnsU CanniiiB Seleata, lecimdnm recog- 

olllonem RotduoQ EUIi, jL.il. Eiu fup- In. iM*. 31. U. 

Cioaro ds Oratore. With Intiodnction and Notes. Bj 

Book I. Demy Sva. cibM, 6j. Book 11. -Dtmj tio.cltii, v- 
Ciosro'B Fhilipplo Orstlons. With NotM. B7 J. R. King, 

Oioaro. Belaot I>etlera. With Introdnctioni, Notes, and 
Oloero. Select I.etten (Text). B; the same Editor. 
Oloero pro Cloentto. With Intiodaction and Notes. By 
Livy, Book I, By j. R. Seeley, M.A., Eegios Professor 
Eoraoe, With Introdnctions and Notes. By Edward C. 

VdL 1. The Odes! CumeDSiculaiI,uilE[wlet. ^Ini (cap. Sro. nWA. ji. eA 

Peral-OB. The Satires. With * Translation and Com- 

Plantus. TrinuiainuB, With Introductions and Notes. 

SftUuEt. With Introdnction and Notes. By W. W. Capei, 
TrasmentB and Bpecimena of Harly Iistin. With Intro- 
Taoltiu. TheAnnola. I-VI. With Intioduction and Notes. 
TMltua. The Aimals. I-IV. For (he ose of Schools aad 
TiTgll. With Introdnction and Note*. By T. L, Papillon, 

M.A. i.Dll. Crn.llB«,.(/.l*..a..6J, ' r" I 

Tht Tel may be hiH aepa..lely. ilclh. u- ". 

A Manual of Comparative FhUologrias applied to the 
The Soman Posts of the Angnstan Age. ^irgU. By 
■Pile Koman Poets of the Bepubllo. By the sa 
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III. obeeb:. 

A OlMk Frlmer. By the Right Rev. Chiles Wordsworth, . 
Oieak VsrbB, Irragulu and Sefeotire. By W. Veltch, 
The Slemsnta of Qreek Aooantiution (for Schools). 

Bj. H. W. ChmJlsr, M.A. E,i. fc.p. sm. tiHh. «. 64, 

First Oieek Header. By W.G.Rushbrooke.H.L. Sectmd ■ 
Second Greak Header. B; A. J. M. Bell, M.A. Extra 
rouith G-isek Header j being Speoimena of Greek 
Fifth Greek Header. ' Part I, Selections from Greek Epic 
The Golden Treasory of Ancient GredtPoetry; with Intro- 
Golden TreaanTT of Greek Prose. By R. S. Wright, 
Aesotiylua. ' Prometheus Bound (for ^hooU). ' With Notes. 
Aeaohylua. Agamemnon. With Introduction and Notes. 



in Single PUys, edited with English Notes, 

By W. W. Ueny. M.A. Eitn icgp. Bra 



Cebetia Tabula. With Inlrodaction and Notes by C. S. 
Bti^dM.** Sce^'^orSdiOTls). By C. S. Jerwm, M.A. 
Euripldei. Helena.. Edited with Introdnction, Notes, and 
Euripides. Ipbigenia ia Tauris. By C. S. Jerram, M.A. 
H^odotna, Seleclions. With Introdnction, Notes, aod 
Homer. Odyssey, Boohs I-XII (for Schools). Bj W. W. 

MWTJ. M.A. TtffntySfvtnlM Ttwutattd, E:(t fcip. Svo. clfitft.v- 6dL 

Homer. OdTsaey, Books XIII-XXIV (for Schools). Bjr 
Homer, tliad. Book I (for Schools). By D. B.Monro.H.A., 

Homer. Iliad. Books I-XII. Withanlntroduction, a Brief 
Homsi\' niad.' "Books l/l 'and°XXl! With "ntrt^uction 
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Iinolui. Vers Historic (for Schools). By C. S, Jerram, 

M.A. SacKd Bditisn. Eitn fcap. aio. cAU*, II. 6d. 

Plsto. Selections frotc the D!a1ojrnea [iaclnding the whole 
English Notes, t 

i Rniiid SiiMtK, ii. uicb. 

aophoolBs. Ocdipiu Kei: Dindoifa Text, with Notes bj 
Thooorilos (for Schools). With Notes. By H. Kjmuton 
Xenophon. Easy Selections {tot Janior Classes). With a 

VocabuiMT. Note,, «.d Mip. By J. S. PhSlpotu. B.CU.md C S. JuruD. 

Xeuophon. Selections (for Schools). With Notes and 

Sditm. KiX.lr^p. »'0.iUlli,ii'.6J. 

Xenophon. Anabasis, Book II. With Notes and Map. 

BvC.S.Jcinni.M.A. EiL [cap. e-o. cJUt. v. 

Xenopfaon. Cyropaedia. Books IV, V. With Introduction 

udNoior. By C. Bum, D.D. Eil. icjp. a.=. <&/*. j,. w. 



A OrMnmar of tbe Homerio Dialeot. By D. B. Monro, 
Bophocles. With English Notes and IntrodnctionB. By 

Bophoolaa. The Text of the Seven Flays. By the same 

EdJIQT. Ext fcBp. Vn. rictk, 4f . 64. 

A Hanoal of aresk Htatorlool InaorlpUona. By E, L. 

IT. FBSIITCE. 
An Stymologioal Dictionary of the French Language, with 

Braohst's Hlstorioal Gcaminar of the Frendi Language. 
A Bhort HlatoFT- of Frscoli IiltersitaTQ. By Ceoige 
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BpeolmsiiB of Frenob Lttentore, from Villon to Hugo, 
k. Primer of Prenoh Iiltaratnrs. B; George Suctsbnij. 
OomeOlo'B Horace. Edited, with Introduction and Note*, 
KoU6re'B LeB Fr&ileiueB Bidicules. Etlited with Intio- 
Besninarohala' Iis Baibier de SdriUs. Edited with IntrO' 
Alfred de MuBset'i On us bodine pas aveo 1' Amour, and 

F^i^^slc. ^«^W,fa InBwluction ^d Nolo b, WalKr Herria FoUmI., 

L'£loqueaae de 1» Chalre et de la Tribune E'faa9alBeB. 

Frmk Claaia, EdiUd hj Gustavk Massoh, B.A. Univ. Gallit. 
Extra feaf. Bra. cltilk, si. 6d. tach. 

Comaille'a Ctnna, and Uolidro'a Les Femmes Savantes. 
Baoine'B Andromaqae, and Comeille'a \jt Mentenr. With 

Uoli^ra'B l<ea Fouiberieade Scapin, andBaoine'a Athalie. 
Besuard'a Le Jonenr, and Broeyi and Polaprat'i Le 
ABoIsetloDof TaIO8b7lEodem'Writera.£!t:itni/£i'(;)0». 
Selections from the Coirespondencc of Kodame de S^vignA 

By Uiv ume EdftoTr Ext leap. &ro. cloth. 3/. 

Lonla XIT and hii Contemporarlea; as described in 

EimcQ froH the bat Memoin of Ihc Sevang rnEh Ccniiuy. WItli Hotit, 
G«HuJoEk*L TAblBt, Ac BrtbcHiiiw Editor. Extn reap. Svo. f/0/A, u. W» 

V. aEBBIAIT. 
GtrmaH Clatua, Edlltd ^ C A. Buchhsih, PJal. Dee., Frtfaiar 

■a KiHt"! CoUip. LundBK. 
Qoethe'a Egmont. With a Life of Goethe, Ac. Tiuri 
SobiU^aWilhSmTell. " 



gohiller'B HistoriGcke SIdzzen: ^monts Leben nnd Tod, 

aw^BclaimmETaiiAiitiispeii. Stitnd EJilim. Ezl. tcif. tro. iin*. u. 6J. 

Ooethe'a Iphigenie anf Tauria. A Drama. With a Critical 
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I.SBaliig'H Nathan der Weise. With IntrodnctlOD, Not«i,etc. 
Heine's Proaa. beiDg Selections from his Frose Works. 
Kodem Oertnoii Beader. A Graduated Collection oF Frose 



Tho German KamiBl j a Gennan Grammar, a Reading 
A Qrammar of the OBrmon Language. Svo. clolA. 39. 64. 
Garman Composition 1 a Theoretical and Practical Gaide 

I>esaing*B Iiaokoon, With Introduction, English Notes. &c. 

By A. HlUDlnn. Fhil. D«., M.A. Ell. fcip, a.D. ii^S.u. W. 

'WlUtelm Tell. By SchJUei. Translated into English Verse 

VI. UATHBlfATICB, fto, 
Vigaxea made E!as7: « first Arithmetic Book. (Intro- 

FeUsw o( Trinltr CoUige. Cuubridiie, Cnm Sn. cMA. A' ' "' 

Anawera to the Examples in Figures made Easy. 
Tlie Scholar's Arithmetle. B; the same Anthor. Crown 
The Soholar'a Alcebra. Bythe same Author. Crown Sto. 
Book-keeping. B; R. G. C. Hamilton and John Ball. 
Aoonstloa. By W. F. Donfcin, M.A., F.R.S., Sarilian Pro- 
A Treatise on Eleotridtr and Hagnetlam. By T. Clerk 

M™.51I.M.A,, F,R.S. AN™Edlli™.eLtedli,W.D.Ni,ai.fcrA, , toU. 

An XHetnenCary Treatise on Electrlolty. By James Clerk 
A Treatise on Btatioa. By G. M. Minchin, MA. Third 

£Ja™. VoLl. C».>-«(rC»»nyC=/i.««rf^m..F. Drmy 9.0. c/™*. 91. ?■«/ 

ITniplanar Einematlos of Solids and Fliiids. By G. M, 
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VII. FHTSICAXi BCIENOB. 
A HMidbook of DeBorfptlTS Aatronomy. By G. F, 

Chvlbcn, F.K.A.S. Thlri BiiltaH. litMSttn.clilk.au. 

ChsndBtry for StadeutB. By A. W. Williamsoa, Phil. 
A Treatise on Heat, with nmnerous Woodcuts and Dia> 
Lessons on ThermodTnamlos. By R. E. ESajmes, H.A. 
Forms of Animal Life. By G. Kolleston, M.D., FJt.S., 
Exeroises in Praotioi^ Obemistry. Vol.1. Elementary 

TaUea of Qualitative Analysis. Arranged by H, G. 
QeoloKy of Oxford and the Valley of the Thames. 
Cr^tallography. By M. H. N, Story-Maskelyne, M.A., 

PnfcBOF of MiiKnlijey. Oxford, /t 'A« Pnit. 

VIII. HISTOHY. 
A Constitntional History of Ei^Iuid. ByW.Stnbbs.D.D., 

Select Charters and other Illastrations of English 
A Sliort History of the Norman Conquest. By E. A. 



A History of France, down to the year 1J93. With 



year IJ(»3. WiH 



Beleotlons from the Despatohes, Treaties, and other 
Selections ttom the 'Wellinffton Despatches. By the 
A History of the United Btates of Amerio*. By E. J. 
A Uanual of Ancient History. By George Rawliiuoii, 
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A Hiitory of Orae«s By E. A. Fieemao, MJL, Regins 
ItBly md her Invadefs. a.d. 376-476. By T. Hodgfcin, 

IX. LAW. 

Tlte Bilementa of JuriiprudeiioA. By Thomai ErskJne 
The Institutes of Justbiiui, edited as a Recension of the 



Selecl TitloB from the Digest of Justinian. By T. E. 

Aim in separatt parts :— 

Pan I. Inuoducloiy Titles. «. M. Part II. Fimny Ixw. 11. 

Part IV. Uw"fOWigat^M(No. i).' 31.' 6^' (No. i). 4J. 61/. 

Elements of Law considered with reference to Principles 

of General JuHspnidence. Bv WillLuD Mulibrj M.A. Srana Sd^t^m.wUk 
SuMiltmiiiL Crewn B»o. illi, ,i. «rf. 

Intomattonal Law, By W, E. Hall, M.A., Bartister-st-Law. 



Prinolples of the English Law of Contraol, etc. By Sir 



Locke's Condnot of the UnderstandinB- Edited, with 



Seleotlons from Berkeley. With an Introduction and 
The uiementB of Deduotive IiOgia, designed mainly for 
The ElsmantB of Induotlvo Iiof^, designed' mainly for 
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XI. ABT, &«. 
A. Handbook of FiotorUl Art. B; R. St J. Titwhitt, 
A TreMIae on E»nnoii7. Bjr Sir F. A. Gore Onseley, 
A ^Trestlaa on Oonuterpoint, Canon, and Fugue, bued 
A Treatiee on MnsloKl Form, uid OenerAl Oompo- 

■lIlDii. BKKcHiHAuttiiir. *lo. ti**. lo.; 

A UuBlo'Prlmer for Schools. By J. Troutbeck, M.A., 
ThB CnltlTBtion of the SpeaUuB Toioa. By John Hnllali ■ 
XII. KISOBLLAKKOTTS. 



Oomparatlve Anatom? of the Vesetatlvo Orsans of the 
A Syatam of Fhysioal Education : Theoretical and Prac- 

icai. Br ArcUbuld Micluoi, The Grmnulim, Oifurd. Ein fcap. tto. 



Dante. Selections from the Inferno. With IntroductioD 

udHoM. BTH.B.Cnaerill. B.A. EiBi Top, <>d. c/slt. (i.u. 

Taaao. Zia Oemaalemme Iilberata. Cantos I. n. By 
A Trsatise on the TTae of the Tenaea In Hebrew. By 



The Btodent's Handbook to the VnlreraitT and Col- 

ICECI of Olfoid. EicUh EdUzsit EilT> fclp. Inv llMtk. u. U. 

Tkt Delbghtm of THB Phkbs invili nggriliau emd advkt 
'nm alt fmom inlmilid in idacaiim ; md ■mill tr liaxt/iil 
< SECKSTAaV TO TH« DkLKGATB, 
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